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In this thesis I investigate the utility of orchids as indicators of ecosystem health.  
The study areas were urban bushland fragments on the Swan Coastal Plain, a global 
biodiversity hotspot.  The study focuses on the abundance, reproductive success, 
mycorrhizal abundance and seedling biomass accumulation of a suite of native 
terrestrial orchids common to Perth’s urban bushland fragments.  A critical factor in 
exploring the ecological responses of these orchids to site condition and their 
application as indicators of ecosystem health is the assessment of the ecosystem 
health of each of the study sites 
 
I studied the vegetation condition gradient across eleven urban bushland fragments 
using three known ecosystem health assessment methods.  Correlations were found 
between the perimeter to area ratio, native vegetation cover, weed cover and canopy 
cover in relation to site condition gradients.  Floristic complexity at sites was found 
to mask relationships with environmental variables that were apparent following 
classification into plant functional groups.  Of the plant functional traits only 
facultative sprouter, sub-shrub, barochory and perennial trait frequencies correlated 
with the vegetation condition gradient, all traits showing a decline with decreasing 
vegetation condition.   
 
Multivariate analysis of orchid abundances and environmental parameters revealed 
three orchid species that could potentially be used as indicators of ecosystem health.  
Diuris magnifica and Microtis media correlated strongly with poor condition sites.  
Pterostylis sanguinea correlated strongly with very good condition sites.  However, 
environmental parameters, floristic composition and plant functional groups provided 
weak correlation to orchid species presence and abundance.  Reproductive response, 
mycorrhizal abundance and biomass accumulation across the vegetation condition 
gradient were then measured to determine the extent to which orchids can be used as 
indicators of ecosystem health. 
 iv 
 
The effects of site condition on fruit set success were not found to be significant for 
any of the orchid species in this study.  Widespread pollen limitation across sites 
revealed that fruiting success was likely to be too insensitive a measure for 
examining ecosystem health.  
 
Mycorrhizal distribution across the cline of condition was found to be patchy within 
fragments and revealed unoccupied niches capable of supporting orchid germination.  
Further evidence of the use of Microtis media as an indicator of poor condition sites 
was found in an increased abundance of the associated mycorrhizal symbiont.  The 
abundance of mycorrhizal symbionts for Caladenia arenicola and Elythranthera 
brunonis at sites of very good condition indicated their potential use as indicators.   
 
An inverse relationship was found to exist between biomass allocation to leaf or 
tuber in sites of good and poor condition.  In sites of poor condition, Diuris 
magnifica and Caladenia arenicola increased allocation of biomass to shoots 
presumably in order to obtain photosynthates.  In sites of very good condition these 
two species increased their allocation of biomass to the tuber.  Initial findings 
suggest biomass allocation in Caladenia arenicola and Diuris magnifica may be a 
useful tool in measuring ecosystem health. 
 
The lack of currently undisturbed urban remnants and a poor historical record of past 
disturbance events in the study sites make understanding the role of past disturbances 
on the current condition gradient difficult.  The results of this study suggest that 
orchid presence and abundance, orchid growth and orchid symbionts can be used as 
indicators of ecosystem health, although work needs to be undertaken to refine the 
understanding of their response to specific disturbances.  This study provides a 
baseline for investigating the utility of orchids as indicators of ecosystem health in 
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1.1.  THE ECOSYSTEM CONCEPT 
 
1.1.1  Defining an ‘Ecosystem’ 
It is important to define what an ecosystem is before exploring the concept of 
ecosystem health. The concept of the ecosystem is believed to have originated from as 
early on as Darwin’s (1859) work and was further developed by Tansley (1935) to 
include systems of organisms interacting and living within the greater environment of 
the biome (Attiwill and Wilson, 2006).  Although the concept of the ecosystem is in 
flux, there is a general consensus that an ecosystem can be defined as a complex 
system resulting from the association of a living community and its physical 
environment, which can be viewed from both a functional and structural point of view 
(Ramade, 1995; Naeem et al., 2002).   
 
All ecosystems are comprised of populations of organisms, with each population 
carrying out a particular function in the ecosystem.  The functional role of a 
population is most often related to its interactions with other populations, the abiotic 
environment and trophic relationships (Knox et al., 1995).  Populations with similar 
functional roles in the ecosystem are not necessarily closely related or even derived 
from a common ancestor, although they can be (Lunt and Spooner, 2005).  They are 
able to coexist in the same habitat and share resources without competition leading to 
the extinction or success of one population over another (Chiras, 1998).  Native 
orchids of south-west Australia can be seen to occupy such niches.  Similar functional 
roles in an ecosystem can also be traced down to the species level, where a particular 
species occupies a specific role in the overall function of the ecosystem, known as a 
niche (Whittaker, 1975).  The development of such a niche is most often related to the 
response or behaviour of the organism to its surrounding habitat (Dickinson and 
Murphy, 1998). 
 
As previously stated, ecosystems can also be viewed in terms of their structure.  The 
most obvious organization of structure is spatial, and vegetation forms are the   2 
principal factor determining structure (White et al., 1992).  Vegetation not only 
determines the habitat of other organisms in an areal distribution sense (horizontal) 
but in a vertical sense with stratification of the vegetation layers (Keith and Sanders, 
1990).  The density, cover, and composition of a particular vegetation type will 
determine the associated organisms that will inhabit the ecosystem.  Thus it can be 
seen how an ecosystem can also be viewed in a structural sense.  However, 
ecosystems should not be viewed in only the structural or functional sense, as both 
notions are vital to the concept of the ecosystem.  Both the efficiency of the function 
and the stability of the structure of the ecosystem relates to the ability of the 
ecosystem to cope with externally forced changes (Dickinson and Murphy, 1998).  
This is otherwise known as the ‘health’ or resilience of the ecosystem (Walker, 1995; 
Goldstein, 1999). 
 
1.1.2.  What is Ecosystem Health? 
The notion of ecosystem health has remained an ambiguous concept, without an 
official and widely accepted definition (Rapport, 1989).  In basic terms, ecosystem 
health is a metaphor using the practice of medical diagnosis and the idea of human 
health, and applying it to an ecosystem.  Ehrenfield (1992) illustrates the point with 
the contentious notion of ecosystems as organisms.  Ehrenfield (1992) states that if the 
ecosystem is functionally and structurally similar to its ideal condition then it can be 
considered healthy; if the ecosystem deviates significantly from the ideal it can be 
considered ill.  This definition in itself is seen to create problems in its interpretation 
and ecologists have fallen into two distinct groups regarding ecosystem health; those 
that are willing to work with the notion and those that reject the idea (Belaoussoff and 
Kevan, 1998).   
 
From the literature the various definitions of ecosystem health fall into four main 
categories as outlined by Calow (1995), and illustrated by various authors listed 
below: 
  
1.1.2.1.  The holistic approach 
Using the holistic approach, the ecosystem is viewed as a kind of super 
organism with the parts of the ecosystem, populations and associations, 
involved in maintaining the whole (Calow, 1995).  This concept is somewhat   3 
outdated and most often used as a means to criticise the ecosystem health 
concept (Suter, 1993; Wicklum and Davies, 1995).   
 
1.1.2.2.  The systems/state approach 
The system/state approach to ecosystem definition sees the ecosystem having a 
stable state towards which it tends (Calow, 1995).  Haskell et al. (1992) 
suggest that an ecosystem is healthy if the system is stable and the activities 
taking place in the ecosystem are sustainable, thus the system will resist 
change to a certain point where the activity is no longer sustainable, eventually 
resulting in the cessation of the system. 
 
1.1.2.3.  The diagnosis approach 
This approach borrows from medical diagnosis of human health (Rapport, 
1989).  Here the ecosystem is treated like a patient and a diagnosis is made 
after first looking at the specific problem affecting the system at the base or 
population level, and then determining the reasons for the problem by stepping 
back and looking at the response to various stresses in a holistic sense (Hobbs 
and Kristjanson, 2003). 
 
1.1.2.4.  The anthropocentric approach 
The anthropocentric approach involves viewing the ecosystem as a service 
provider for humans, by seeking to manage the ecosystem to provide an 
optimal balance for human health rather than conserving the ecosystem 
function purely for protection of the environment (Lockwood, 1996; Lebel, 
2003).  As the world human population increases, it becomes apparent that 
ecosystems also provide services for humans, such as production of biomass, 
aesthetics and recreation to name a few (Calow, 1995).  Rapport (1992) 
suggests that ecosystem health can thus be defined in terms of human health 
and well being, establishing a direct relationship between ecosystems and 
human health. 
  
1.1.3.  Ecosystem Health – a Legitimate Concept? 
Those who reject the idea do so on the grounds that health is not a term that can be 
readily applied to ecosystems, as ecosystems are not organisms, do not respond in   4 
such a way and therefore cannot exhibit properties such as health (Suter, 1993; 
Wicklum and Davies, 1995).  It is believed that an ecosystem cannot be considered an 
organism as it does not have readily definable boundaries (Suter, 1993; Kapustka and 
Landis, 1998).  Ecosystems rarely approach a predictable single point of equilibrium, 
rather they tend to oscillate over time in an indeterminate manner making it very 
difficult to measure the ‘health’of any one ecosystem relative to a known ‘norm’ 
(Belovsky, 2002).  Wicklum and Davies (1995) go on to state that adopting the notion 
of ecosystem health requires the acceptance of an optimum condition and homeostatic 
processes maintaining the ecosystem at a definable optimum state, which is not 
possible when discussing ecosystems that are dynamic and constantly changing. 
 
There is also the widely held belief that using a term such as ‘health’ introduces 
ambiguity and subjectivity (Rapport, 1995; Lackey, 2001).  The ideal condition of an 
ecosystem becomes one based on social value judgements of what is important.  There 
is a fear that assessment of ecosystem health may become politically charged with 
science falling into the background (Lackey, 2001).  Critics of the ecosystem health 
concept do not believe that value judgements should serve as guidance for ecosystem 
health assessment (Rapport et al., 1998; Lackey, 2001). 
 
However those who accept the notion of ecosystem health respond to these criticisms 
by insisting that the ecosystem health metaphor is not to be taken literally, but rather 
be applied to the functionality of the ecosystem (Rapport, 1998).  Bertollo (1998), 
Harris and Hobbs (2001), and Crowley and Landsberg (2004) all agree that the health 
of an ecosystem should be measured against its own responses rather than a set of 
health indicators chosen for a wide range of ecosystem types.  The measurement of 
ecosystem health and the use of appropriate indicators will be discussed in detail later.  
Debate over the use of the ecosystem health metaphor should not focus on semantics 
and buzzwords, but rather adopt the practice of a systematic diagnosis of ecosystem 
function (or dysfunction) that is presented in the notion of ecosystem health (Rapport, 
1995; Jorgenson, 2005).   
 
Perhaps one of the most attractive aspects of adopting the ecosystem health metaphor 
is that it is intuitively understood by the non-scientist and is thus a useful tool in 
communicating the condition of the environment (Ehrenfield, 1992; Lackey, 2001).    5 
To the average person, the idea of a healthy ecosystem is one that is as close to the 
natural, pristine state as possible, unaltered by human actions.  Ecosystems can 
actually be considered healthy despite human intervention changing the function or 
structure of the ecosystem from the original condition.  Ecosystems are not stable 
states or ideals, but systems with many dynamic interactions and links between the 
component communities (Dickinson and Murphy, 1998). 
 
1.1.4.  Ecosystem Health in Management 
Ecosystem health as a theory and concept has been well established, however, its use 
as a tool in environmental management has not been adequately discussed.  There is 
not a single, determined and followed practice for the use of ecosystem health in 
environmental management as yet, but there is a general trend toward an operational 
definition of ecosystem health that is slowly being adopted into management practice 
(Harris and Hobbs, 2001) and has been observed in a number of studies (Boesch, 
2000; Edsall, 2001; Parkes et. al., 2003; Jorgenson, 2006; Lomov et. al., 2006; Stone 
and Haywood, 2006).  Costanza (1992) and Harris and Hobbs (2001) recognise that 
resilience, vigour and organization are parts that make up the operational definition of 
ecosystem health.  Harris and Hobbs (2001) define each of these terms: Resilience 
refers to the capacity of the ecosystem to withstand stress over time; vigour is the 
actual activity of the ecosystem, for example primary productivity; organization refers 
to the structure of the ecosystem in terms of species diversity and interactions between 
components of the system.  Thus, it can be seen that there are three main attributes of 
ecosystems that should be considered foremost when taking account of ecosystem 
health.  
 
Costanza (1992) states that if an ecosystem is active (has vigour), is able to maintain 
its organization over time and is resilient to stress, then it can be considered healthy. 
Ultimately if the activities being carried out allow the quality of the environment to 
remain unaltered in the long term, the ecosystem should be able to maintain function 
and structure in a stable state (Costanza, 1992; Hobbs and Norton, 1996).  This 
definition fits in well with the term ‘sustainability’, a common goal of environmental 
management.  Sustainability is being able to meet the needs of the present while 
ensuring there is provision for the future (Meagher, 1991).  It would not be possible to   6 
manage an ecosystem without taking the sustainability of the system into account 
(Costanza, 1992; Norton, 1992; Aguilar, 2001). 
 
1.1.5.  Assessing Ecosystem Health       
Ecosystem health could be considered to be nothing but a concept without a means of 
applying it to the real world (Rapport, 1995).  Thus, it is important to understand how 
ecosystem health can be defined and assessed in order for the concept to be practical 
in terms of management and sustainability.  All the different measures of ecosystem 
health can be classified into three main categories (Costanza,1992; Costanza and 
Mageau, 1999; Harris and Hobbs, 2001) that will be outlined in detail below: 
  Vigour; 
  Organisation; 
  Resilience. 
 
1.1.5.1.  Vigour 
One way to evaluate ecosystem health is to take direct measurements of a suite of 
organisms or responses that can be used as indicators of the state or vigour of the 
ecosystem.  Whitford (1998) believes that the assessment of the health of any 
ecosystem requires the measurement of a number of indicators.  These indicators 
can be measures of, presence/absence, biomass, metabolism and any other 
response that can be directly measured (Costanza and Mageau, 1999).  In order for 
the indicators to be of use, their sensitivity must be known, so that an evaluation of 
the health of the ecosystem can be made from the indicators response to change.  
Indicators must also be predictable and reliable in their responses so that change 
can be observed when the ecosystem shifts to a less healthy state (Whitford, 
1998).  The overarching purpose of indicators is that they should collectively be 
able to distinguish between healthy systems and non functioning systems, as 
indicators form the basis of enquiry and information collection for ecosystem 
health assessment (Bertollo, 1998).       
 
Goldstein (1999) recognised that some of the earlier attempts to manage 
ecosystems failed due to the wrongful identification of what was thought to be a 
keystone indicator species.  An example given by Goldstein (1999) is that of 
managing Yellowstone National Park.  The species that was chosen as the   7 
keystone indicator species was a top predator that had the largest habitat range, in 
the belief that any changes to the ecosystem would become apparent in the chosen 
indicator species.  Neither habitat range nor trophic levels are characteristics that 
guarantee a predictable and reliable response to environmental change, rather the 
life history and functional role of the indicator in the system should be known in 
order to gauge the effect of anthropogenic stresses and the condition of the 
environment (Bertollo, 1998; Goldstein, 1999).   
 
Ideally, an appropriate ecological indicator should possess the following defining 
characteristics (Jorgenson et. al., 2005): 
  Easy to monitor. 
  Sensitive to small scale changes in the environment. 
  Response to environmental changes should be quantifiable. 
  Applicable in the greatest number of communities over extensive geographical 
areas. 
  Response should be predictable and measurable based on scale of change 
(Whitford, 1998). 
However, it is quite rare in practice that an ecological indicator possess all these 
characteristics (Jorgenson et al., 2005).  Often it is not possible to find an 
ecological indicator that can be applicable over extensive geographic areas and 
sensitive to different kinds of environmental stress (Jorgenson et al., 2005).  
Choice of an appropriate ecological indicator is often curtailed by vague long-term 
goals or objectives and a lack of scientific rigor in indicator choice (Dale and 
Beyeler, 2001). 
 
1.1.5.2.  Organisation 
Another way of assessing ecosystem health is to observe the patterns of diversity 
and structure as a measure of the effects of a given stress on the organisation of an 
ecosystem.  The employment of indices provides a means for researchers to 
interpret and present attributes of ecosystem health such as species richness, 
trophodynamic structure and deviation of populations from an established norm.  
Over time, these indices can reflect changes occurring in a population (Weigelt 
and Jolliffe, 2003). 
   8 
There are a number of possible indices that can be utilised, such as the Shannon 
index; Margaleff or log normality, each with their different advantages and 
disadvantages (Ramade, 1995 and Belaussoff and Kevan, 1998).  Hannon (1992) 
notes that the use of these diversity indices can be misleading.  Ramade (1995) 
agrees and goes on to imply that indices tend to reflect changes to the ecosystem 
only during periods of stress.  Suggestions for improving the use of species 
diversity indices include applying the indices to a population or species group that 
has been previously established as a reliable indicator (Ramade, 1995). 
 
1.1.5.3.  Resilience 
Testing the resilience of an ecosystem often involves the combination of all the 
measures utilised in measuring organisation and vigour.  Measures of resilience 
are most often made through simulation modelling and network analysis (Costanza 
et al., 1990).  Simulation models can be used to determine the likelihood of a 
measured response following a disturbance event (Weigand et al., 1995).  Network 
analysis involves the analysis of connections between ecosystem components and 
the ecosystem as a whole (Costanza and Mageau, 1999). 
 
Measures of resilience are system level and the most holistic of available 
approaches used to measure ecosystem health.  Both simulation modelling and 
network analysis involve the extrapolation of known responses to provide a series 
of statistically robust predictions of species response and ecosystem health (seen 
in studies such as Clark et. al., 2004; Kati et. al., 2004).   
 
1.1.6.  Applications of Ecosystem Health 
The three main arenas in which the concept of ecosystem health finds an application 
are:  
  Policy formation. 
  Management. 
  Restoration. 
 
1.1.6.1.  Policy formation 
Ecosystem health provides a theoretical model for examining ecological policy 
questions (Lackey, 2001).  It is a metaphor that is easily understood by most   9 
people and is thus the perfect tool for use in the political arena.  However, as many 
critics of the concept have previously noted, it is also a value laden and ambiguous 
notion (Rapport, 1995; Goldstein, 1999).  The formulation of environmental 
policies or legislature now rests on considerations of the impact on the 
environment and ultimately the effect on the health of the ecosystem.  Policy 
formation and guidelines are at the forefront of conservation and are often the first 
attempts that are made towards management of an ecosystem.  Thus, as Lackey 
(2001) has realised, it is vitally important that ambiguities and debates are 
addressed as pressure is placed on resources.   
 
1.1.6.2.  Management 
The next obvious step from the formation of policies and guidelines is that of 
managing the ecosystems in question.  In terms of management, Bertollo (1998) 
sees ecosystem health as a means through which to measure and assess the quality 
and change of an ecosystem.  The ecosystem health metaphor provides the 
foundation for management of the ecosystem by providing a framework within 
which to work.  The norms or baseline conditions that are identified as 
representing a ‘healthy’ system can be used to monitor ecosystem condition and 
also the effect of management interventions.  The means to measure quality are 
often set out in the policy as a suite of carefully chosen indicators (Bertollo, 1998; 
Landsberg and Crowley, 2004).  The steps which need to be taken in order to 
maintain the health and vigour of the ecosystem will relate to the extent of 
deviation of indicator status from that of baseline conditions.   
 
1.1.6.3.  Restoration     
Ideas related to restoration of disturbed or damaged ecosystems have many similar 
aspects to the concept of ecosystem health.  Harris and Hobbs (2001) recognise 
that restoration attempts can benefit greatly from adopting the same holistic 
approach and operational concepts of ecosystem health.  Restoration looks at 
returning a damaged system to a new or former stable state and must take into 
account the effects on the ecosystem health concepts of vigour, resilience and 
organization (Harris and Hobbs, 2001).  The application of ecosystem health to 
restoration efforts can therefore be seen as an important and newly emerging field 
of application.    10 
 
It is important that the notion of ecosystem health makes the leap from a 
controversial theory to a practical and applied tool of scientific enquiry.  
Understanding the intricacies and functional relationships in the many diverse 
landscapes of the world allow conservation and restoration efforts to be focused 
and ultimately successful (Hobbs and Norton, 1996; Simberloff, 1998; Goldstein, 
1999).  It is these first steps in study that form the foundation of our understanding 
of the world in which we live – the ecosystem.  
 
1.1.7.  Issues to Consider When Measuring Ecosystem Health in a Fragmented 
Urban Landscape 
When investigating ecosystem health of human dominated ecosystems, such as urban 
reserves or other peri-urban regions, determining the extent to which ecosystem 
function has been compromised becomes difficult (Patil et. al., 2001).  In a highly 
fragmented landscape it becomes very difficult to link observations made in the 
present day with the effects of known or surmised historic disturbances (Hearnshaw 
et. al., 2005).  The complexity of vegetation patterns between and within fragmented 
landscapes varies with responses to disturbances and management regimes, often with 
varying spatial and temporal scales, and the vigour, resilience and organisation of each 
fragment (Hobbs and Yates, 2003).   
 
Obtaining data that predates any disturbance would be ideal but is not achievable as 
many disturbances pre-date records (Hannon, 1992; Hearnshaw et. al., 2005).  Many 
assessment methods bypass this problem by utilising benchmark or analog sites as a 
point against which to measure changes in ecosystem function (Parkes et. al., 2003; de 
Soyza et. al., 2008).  However, the drawback to using such a system is that often 
benchmarks are chosen due to their perceived ‘naturalness’ and a lack of 
anthropogenic disturbance being perceived as a ‘better’ or preferred’ state (Anderson, 
1991).  Operating within the ecosystem health concept requires a separation between 
beliefs and values and the properties of an ecosystem, particularly when dealing with 
human dominated ecosystems (Kapustka and Landis, 1998).   
 
Environmental practitioners and the measurements they employ also need to be able to 
determine the differences between declining populations and small populations as   11 
many urban fragments are naturally small and not necessarily in a state of decline 
(Caughley, 1994).   
 
1.2.  PLANT FUNCTIONAL GROUPS 
 
Plant functional groups and traits are used to provide a functional representation of the 
floristic composition of an ecosystem.  Plant functional traits may be used to allow the 
extrapolation of processes observed at a particular scale up or down the scalar 
hierarchy (Hobbs, 1997).  In this way plant functional groups and traits can be used to 
compare community responses across highly complex floristic communities where 
taxonomic composition may be masking general patterns (Woodward and Cramer, 
1996; Gitay and Noble, 1997). 
 
A number of studies have investigated which functional traits are the most appropriate 
for defining particular ecosystem processes (Haig and Westoby, 1990; McIntyre et al., 
1995; Westoby et al., 1996; McIntyre et al., 1999; Cornelissen et al., 2003).  Traits 
typically fall into one of four groups, each of which will be outlined below: 
  Regeneration response 
  Life-form 
  Life-cycle 
  Propagule dispersal 
 
1.2.1.  Regeneration Response 
The regeneration response of a plant gives an indication of the plants ability to 
withstand disturbance and the abundance of species with a particular response can also 
provide insights into the likely disturbance history of a site.  Typically regeneration 
responses form a gradient between obligate vegetative sprouters or obligate seeders 
(Bellingham and Sparrow, 2000; Cornelissen et al., 2003).  Regeneration traits have 
been used to investigate a wide range of impacts on vegetation such as effects of 
herbivory, fire and nutrients (McIntyre et al., 1999; Bellingham and Sparrow, 2000; 
Pakeman, 2004).   
 
1.2.2.  Life-form   12 
Perhaps one of the oldest forms of plant functional groups or traits used in ecological 
studies is life-form traits (Raunkiaer, 1934).  Generally the classification places plants 
into a group represented by geophytes, grasses, herbs, sub-shrubs, shrubs or trees 
which allows disturbance regimes to be linked to the prevalent life-forms (Cornelissen 
et al., 2003).  Life form traits have been used to determine plant tolerances to grazing 
(McIntyre et al., 1999).  
 
1.2.3.  Life-cycle 
Life cycle dynamics are also driven by disturbances and reflect the persistence of a 
species within a community (McIntyre et al., 1999).  As disturbances become more 
frequent, annuals become more common as plants are able to complete their life cycle 
between disturbance events and exploit niches that are left open by the slower 
responding perennial species (Pakeman, 2004).  In this way life cycle traits will often 
highlight the pioneer or invasive species within an ecosystem. 
 
1.2.4.  Propagule Dispersal 
Disturbances to ecosystems can greatly affect the dispersal of propagules across the 
landscape (Ozinga et al., 2004).  Dispersal mechanisms can involve animal vectors 
and thus provide insights into the vertebrate and invertebrate species within an area.  
Dispersal mechanisms also provide insights into the potential for vegetation to spread 
and invade areas.  Wind dispersed species tend to be pioneer species and may indicate 
an early successional community. 
 
1.3.  FIRE 
 
Flora of the Mediterranean regions of the world exhibit similarities in form and 
function, in particular their regenerative traits, which are believed to be adaptations to 
fire events (Pignatti et. al., 2002).  Plants are typically sclerophyllous and possess 
adaptations to fire such as thick bark, bradysporous seed and growth from lignotubers 
or epicormic shoots (Gill et. al., 1981; Whelan, 1995).  Fire also drives vegetation 
patterns at a broader scale promoting a heterogeneous landscape (Turner et. al., 1994; 
Trabaud and Galtie, 1996; Wilgen et. al., 2003). 
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The effect that fire has on driving vegetation patterns varies greatly and is the product 
of fire regime.  Fire frequency, intensity and season are all factors of fire that 
influence floristic diversity and structure (Pausas et. al., 2004).  Fire frequency affects 
a plant’s ability to survive the next fire and determines which species will persist in 
the long-term (Lunt, 1998; Crosti et. al., 2006).  Fire intensity affects the composition 
and structure of the post-fire community (Hobbs and Atkins, 1988).  The release of 
seeds, the degree of destruction of the canopy and the protection of buds is dependent 
on fire intensity (Bell et. al., 1992).  Working in concert with fire intensity and 
frequency is fire season.  The season in which a fire occurs will dictate the intensity 
and the time required for regeneration (Bell et. al., 1992).  Seedling recruitment is 
often low following summer fires as seeds do not obtain enough moisture for 
germination until some months following the fire (Bond, 1984; Enright and Lamont, 
1989).   
 
There are few studies that look specifically at the effects of fire on fragmented 
landscapes such as urban remnants (Ross et. al., 2002; Hobbs, 2003).  Hobbs (2003) 
found that fire regimes were most likely to either increase or cease altogether.  The 
absence of fire occurs most often when continuous vegetation cover is dramatically 
reduced as occurs in the isolation of urban reserves (Hobbs, 2003).  Consequently, 
management of the fragment is such that fires are not permitted (Lunt, 1998).  
Changes to the species composition of fragments, in terms of a loss of species 
requiring fire for germination is likely.  Understanding the effects of changes to fire 
regimes in these highly fragmented ecosystems will greatly influence the emerging 
field of assessment of ecosystem health.   
 
1.4.  INTRODUCTION TO THE ORCHIDACEAE 
 
The Orchidaceae is the largest of the flowering plant families with an estimated 
20,000 to 35,000 species (Dixon et al., 2003).  Orchids are a widespread family that 
are found to occur throughout the world from the cold subarctic regions to elevations 
above 4000 m and even within highly developed urban regions (Brown, 2002).  The 
majority of orchid taxa are distributed within the tropics.  Areas of particularly high 
orchid abundance closely follow areas of high plant diversity, or biodiversity 
‘hotspots’, as outlined by Myers et al. (2000) (Parsons and Hopper, 2003).  Despite   14 
the fact that orchids are so widespread and adaptable, many species are rare or under 
threat of extinction (Koopowitz et al., 2003; Swarts and Dixon, 2009).   
 
There are a number of human activities that are threatening orchids, the most 
consequential of which is habitat loss.  Logging, clearing for agriculture and urban 
development have resulted in habitat loss and are of particular threat to those species 
that require large forested areas for reproduction or those species with restricted 
distributions (Dixon et al., 2003).  Orchids have somewhat more complex life 
histories than many flowering plants, consequently changes to land use and increased 
pressures on existing remnants impact upon the availability of pollinators and the 
distribution and efficacy of symbiotic fungi (Batty et al., 2002; and Murren, 2002).  
Other threats to orchids include collecting and the long-term effects of global warming 
and climate change (Dixon et al., 2003).  Western Australia’s orchid flora is also 
subject to these threats and much study is required on the effects of these threats 
before conservation can be effective.   
 
1.4.1.  Western Australian Orchids 
Australia has over 1,300 named orchid taxa with over 300 found in Western Australia 
(Hopper and Brown, 1998; Jones, 2006).  Australia’s long period of geographic 
isolation has led to a high degree of endemism in both orchids and the flora in general 
(Myers et al., 2000; Jones, 2006).  The south west of Western Australia is recognised 
as a biodiversity hotspot containing exceptional concentrations of species endemism 
and diversity and it is in this region that the majority of Western Australia’s orchid 
flora can be found (Beard et al., 2000; Myers et al., 2000).  Western Australia has a 
few known species of epiphytic orchids from northern Australia, however, there is a 
much greater body of knowledge focused on the terrestrial species found in the south 
west of the state (Brown et al., 2008).   
 
Western Australia has twenty seven genera of terrestrial orchids.  The most specious 
genus of which is Caladenia with 120 of the 160 species in the genus found in 
Western Australia (Hopper and Brown, 1998).  The other major genera include Diuris, 
Pterostylis, Prasophyllum and Thelymitra.  A large proportion of Western Australia’s 
orchid flora is endangered: 87 species are recorded as Priority taxa, 36 of which are 
listed as Declared Rare Flora under the Wildlife Conservation Act 1950 (Western   15 
Australian Herbarium, 2009).  The major threat to orchids in Western Australia is 
habitat loss through clearing and degradation (Brundrett, 2007).  Habitat loss is also 
impacting upon the more common species and threatening their continued survival 
(Swarts and Dixon, 2009).   
 
1.4.2.  Growth and Life Cycle 
Terrestrial orchids are typically found within the 1200-300 mm isohyets in the south 
west of Western Australia, and do not extend into the semi arid areas to the east 
(Dixon, 1991; Brown et. al., 2008).  Dixon (1991) outlines the growth and life cycle 
observed in southern Western Australia’s terrestrial orchids.  The Mediterranean 
climate of cool, wet winters and hot, dry summers ensures a distinct growing season is 
observed by terrestrial species in the south west of Western Australia.  These species 
exhibit growth starting at the onset of the wetter winter months and continuing into 
spring (Dixon, 1991).  The onset of drier months sees the senescence of above ground 
parts to a dormant tuber by the beginning of summer.  The orchids survive the hot 
summer season as aestivating tubers (Dixon, 1991; Batty et. al., 2001).  The growing 
season of these terrestrial orchids is typically five to eight months decreasing from 
south to north (Dixon, 1991).   
 
The life cycle of terrestrial species is closely linked to seasonal changes in 
temperature and soil moisture conditions (Dixon, 1991).  Most terrestrial species of 
the south west commence growth with the onset of cooler conditions and increased 
soil moisture associated with early winter rains of April to early May (Dixon, 1991).  
It is at this time that there is a high amount of organic matter to provide a substrate for 
the saprophytic fungi that form symbiotic relationships with orchids (Rasmussen, 
1995).  Nutrients stored in the parent tuber of the orchid are utilised to begin the 
production of roots and first leaves.  Reinfection of the adult plant by a mycorrhiza 
provides supplementary nutrients for continued leaf growth and production of a 
replacement tuber (Ramsay et. al., 1986; Dixon, 1991; Rasmussen, 1995).   
 
The majority of terrestrial orchids in the south-west of Western Australia flower 
between September and March, generally flowers emerge following the emergence of 
the leaf as the winter season comes to a close (Dafni and Bernhardt, 1990).  Orchid 
floral longevity is generally considered to be long in comparison to other plants   16 
(Primack, 1985; Clayton and Aizen, 1996).  Specific flower opening times are 
dependent on the species of concern and are likely to be the result of evolutionary 
influence for optimal seed set, and are also likely to be linked to availability of 
pollinators and pollination mechanisms.  Duration of flower opening varies and 
flowers may stay open for up to three weeks without a pollination event occurring.  
Following the successful deposition of pollinaria on the stigma, the pollen tubes grow 
down the style reaching the ovules a few days later (Rasmussen, 1995).  Fertilisation 
takes place shortly afterwards and the development of the seed proceeds (Rasmussen, 
1995). 
 
Orchid fruits produce many thousands of seeds (Rasmussen, 1995; Arditti and Ghani, 
2000).  The production of orchid seed is an immense drain on the plants’ resources 
and it is the low frequency of successful pollination and germination that drives this 
over-compensatory reproductive strategy (Rasmussen, 1995).  Orchid seeds are 
among the smallest known seeds in the plant kingdom (Rassmussen, 1995).  
Terrestrial orchid species typically have very simple seeds consisting of a long, 
tapering air filled testa characteristic of anemochorous seed (Arditti and Ghani, 2000).  
The small shape, size and considerable air space within the seed mean that orchid seed 
can remain in the air for long periods of time, thus aiding long distance dispersal 
(Arditti amd Ghani, 2000).  Orchid seeds possess a very small embryo with the 
majority being devoid of a cotyledon or an endosperm (Arditti and Ghani, 2000).  The 
occurrence of mycotrophy in orchid seed germination is required due to the lack of 
sustenance contained within the seed (Rasmussen, 1995; Arditti and Ghani, 2000). 
 
In the south west of Western Australia, the seeds of the majority of orchids typically 
become ripe towards the start of summer.  Once capsule has matured and the pericarp 
has split, the seeds are released and dispersed by the wind.  The high number of seeds 
encourages extensive coverage of potential germination sites by the seed allowing 
colonization of new areas to occur (Rasmussen, 1995).  The seeds lie dormant over 
summer until soil moisture reaches levels high enough for seed imbibition to occur.  
The seed is able to take up moisture through the thin testa and the embryo begins to 
swell (Rasmussen, 1995).  Small rhizoids are formed and extend from the orchid seed 
providing a pathway for the fungi to infect the seed (Clements, 1988; Rasmussen, 
1995).  The structure is now a young seedling known as a protocorm and its survival   17 
after this first season is dependent on its ability to produce a replacement tuber 
(Dixon, 1991; Batty et. al., 2001). 
 
1.4.3.  Mycorrhizal Associations 
Terrestrial orchids form associations with mycorrhizal fungi that are vital to their 
germination and growth (Warcup, 1973; Clements, 1988; Rasmussen, 1995).  These 
associations start during the early seedling stage where the plant is reliant on the fungi 
as a carbohydrate source.  The fungi may also facilitate free water absorption (Yoder 
et al., 2000).  The dependency of the plant on the fungus continues into adulthood 
with the provision of mineral nutrients (Rasmussen, 2002).  It is still unclear as to 
whether the fungus obtains benefits from the plant fungus relationship (Gardes, 2002).   
 
There are five recognised patterns of endophyte infection in orchid plants.  Infection 
can occur via the stem collar, stem tuber, underground stems, roots or in the root 
stems (typically collar and adventitious roots) (Ramsay et al., 1986; Dixon, 1991).  
Stem collar infection is the most common form of infection in the orchids of the south 
west of Western Australia, and is predominant in the Caladenia clade (Ramsay et. al., 
1986).  It is believed that endophyte infection of the stem collar may have arisen in 
Australian orchids where impoverished soils possess low organic matter through the 
depth of the soil profile (Ramsay et al., 1986).  Localising endophyte activity to the 
collar region near the soil surface would ensure that potential infection by the 
appropriate endophyte is maximised (Ramsay et al., 1986). 
 
The majority of fungi that form mycorrhizal associations with orchids are 
basidiomycetes belonging to the genus Rhizoctonia (Rasmussen, 1995; Rasmussen, 
2002; Brundrett, 2006).  Mycorrhizal associates can be found in all three clades of the 
polyphyletic Rhizoctonia group, which includes; Sebacinaceae, Tulasnellales and 
Ceratobasidiales (Rasmussen, 1995; Roberts, 1999).  Another Rhizoctonia-type 
fungus known to form mycorrhizal associations with orchids is Thanatephorus (Batty 
et. al., 2002; Bonnardeaux et. al, 2007).  The Rhizoctonia group of fungi that form 
mycorrhizal associations with orchids typically also fulfil roles as saprophytic fungi 
responsible for the breakdown of organic matter in soil (Smith, 2006).   
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Studies into orchid seed ecology show that orchid seeds require the maintenance of a 
link with the mycorrhiza through the trichomes in order for germination to occur 
(Clements, 1988; Smith, 2006).  In germinating seeds this occurs through the 
trichomes, in adult plants this occurs through root hairs on tubers or stem collars.  
Infecting hyphae make their way through the suspensor cells (in seeds) or rhizoids (in 
adult plants) and penetrate the cortical cell walls (Clements, 1988).  Upon infection of 
the cortical cells the hyphae form highly coiled masses known as pelotons (Clements, 
1988; Rasmussen, 1995).  In orchid seeds it is at the stage of peloton formation that 
meristematic activity increases and a protocorm develops (Clements, 1988; 
Rasmussen, 1995).   
 
Once inside the root/stem/tuber cortex, the orchid mycorrhiza undergoes the digestion 
process.  The hyphae swell and their cell walls start to break down (Clements, 1988).  
Changes in the cell organelles of the orchid suggest very high metabolic activity is 
taking place (Clements, 1988; Rasmussen, 1995).  The cortical cell maintains its 
integrity throughout the process and is able to host further fungal hyphae once the 
remains of the current digested hyphae are utilised.  Work in the field of orchid 
mycotrophy has now led to the belief that the orchid mycorrhiza provides a source of 
energy for the plant that can replace, supplement or alternate with the nutrition 
provided through photosynthesis (Rasmussen, 1995).   
 
Studies into orchid specificity based on laboratory germination or repeated retrieval of 
the same fungi from an orchid species over a geographic range has led to the belief 
that orchid - fungus specificity exists (Warcup, 1973; Warcup, 1981; Perkins and 
Mcgee, 1995; Perkins et al., 1995).  However, there are varying levels of specificity 
from the very close associations seen between Caladenia and Sebacina vermifera, to 
much looser associations, as observed between Microtis media and a wide range of 
orchid mycorrhizal fungi (Warcup, 1981; Perkins et al., 1995; Bonnardeaux et. al., 
2007).  In some orchid species, mycorrhizal specificity that has been determined in the 
field has been shown to be much narrower than that found under laboratory conditions 
(Masuhara and Katsuya, 1994; Perkins and McGee, 1995).  Some orchid species will 
utilise a different fungal symbiont at different stages of their life (Zettler et al., 2003).  
Mycorrhizal associations between orchids and fungi are ancient and the long 
geographic isolation of Australia has led to a relatively high incidence of specificity   19 
between fungus and host orchid (Warcup, 1981).  The majority of terrestrial orchid 
species in the south west of Western Australia exhibit a very narrow specificity and 
this may be the driver for rarity in a number of species, raising issues of conservation 
interest (Dixon, 1991).   
 
The distribution of orchid mycorrhiza in the soil of natural habitats is considered to be 
patchy.  Suitable habitats for orchid mycorrhiza to persist are also considered to be 
scarce within the landscape as they are highly reliant on soil moisture conditions and 
organic matter (Perkins and McGee, 1995).  Due to the limited tools available for 
detection of fungi in soil, many claims about fungal activity must be based on 
assumptions (Batty et al., 2001; Brundrett et al., 2003).  The reliance upon seed 
germination as a reliable test for orchid mycorrhiza presence does not take into 
account the activity of the fungi away from the immediate test area or the ability of the 
fungi reach the bioassays (Batty et al., 2001).  The presence of fungi in any one place 
in natural habitats is governed by a number of factors and varies both spatially and 
temporally, resulting in potential recruitment sites for new orchid colonies being 
transient in nature (Hollick, 2004).  
 
1.4.4.  Pollination 
Orchids produce large numbers of seeds from a single successful pollination event 
(Arditti and Ghani, 2000).  Such a reproductive method requires the transferral of a 
large number of pollen grains to the stigma (Rasmussen, 1995).  The shape of the 
flowers maximises pollen transfer by presenting the pollinia on the easily accessible 
column.  Pollinators brush past the pollinia and carry them to another orchid flower 
for deposition onto the viscid disc (stigma), a process which can happen by deception 
or reward to varying degrees (Dafni and Bernhardt, 1990).  Orchid flowers not only 
possess morphology that greatly aids the pollination process but also have a variety of 
means by which to attract pollinators in the first place (Benzing, 1981).  The variation 
in floral presentation is vast and in an evolutionary sense tends towards increasingly 
intricate pollination syndromes and attraction mechanisms (Nilsson, 1992).  There are 
a number of pollination mechanisms employed by the terrestrial orchids of the south-
west of Western Australia that provide insights into the potential co-evolution of 
orchids and their pollinators (Peakall, 1989; Peakall, 1990; Alcock, 2000; Phillips et. 
al., 2009).     20 
 
Often plants will offer a floral reward for the pollinator to visit the flower.  In 
Australia the most common reward produced by terrestrial orchids is nectar (Dafni 
and Bernhardt, 1990).  There are only six known genera in Australia that produce 
nectar as a reward (Dafni and Bernhardt, 1990).  Typically the nectar collects at the 
base of the labellum as opposed to deposits in long corolla tubes seen in other nectar 
reward pollination systems (Dafni and Bernhardt, 1990; Pauw, 2004).  This 
presentation is due to the fact that the majority of nectar producing Australian orchids 
are visited by the short tongued bee families Colletidae and Halictidae (Dafni and 
Bernhardt, 1990).  Pollinia are deposited on the head and dorsally on the thorax and 
transferred to other flowers during foraging (Dafni and Bernhardt, 1990; Pauw, 2004).   
 
The other pollination mechanisms employed by Australian orchids fall into various 
categories of deception.  Some orchids exploit the foraging preferences or naivety of 
pollinators by imitating a suite of attracting cues or only a portion of the model (Dafni 
and Bernhardt, 1990).  The use of dummy structures has been observed in a number of 
Australian terrestrial species to attract pollinators that are foraging for nectar (Dafni, 
1984; Dafni and Bernhardt, 1990).  Another form of food deception mimicry is known 
as Batesian mimicry.  Batesian mimicry involves the non rewarding orchid mimicking 
the flowers of a higher density model species that offers abundant rewards (Dafni, 
1984; Dafni and Bernhardt, 1990).  Elements of Batesian mimicry are believed to 
occur between Diuris and co-blooming legumes such as Pultenaea and Daviesia.  
However without further evidence to support the presence of Batesian mimicry, the 
Diuris species are better placed as guild mimics (Beardsell et. al., 1986; Indsto et. al., 
2006).  Other forms of food deception rely on the naivety of inexperienced pollinators 
with generalist foraging habits.  The presentation of brightly coloured dummy anthers, 
as seen in Elythranthera, result in incidental pollination by fooled pollinators 
(Jersakova et. al., 2006).  Guild mimicry is a more general form of Batesian mimicry 
that is considered to be far more common in the Australia orchids than other 
Mediterranean regions of the world.  Many of the Thelymitra species of the south west 
of Western Australia exhibit guild mimicry with other blue flowered, buzz pollinated 
plants that flower at the same time (Dafni and Bernhardt, 1990).   
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Sexual deception is the third major pollination mechanism exhibited in orchids.  In 
Australian terrestrial species sexual deception involves wasps and ants as the vectors 
of pollination (Adams and Lawson, 1993).  Sexual deception makes use of chemical 
emissions similar in signature to the insects’ pheromones, from cells known as 
osmophores.  Sexual deception occurs on a spectrum from indiscriminant sexual 
deceit, where the plant uses pheromone and visual attractants which may be species 
specific but the flower is not exclusively visited by the pollinator (Stoutamire, 1983).  
Pseudocopulation which is the most derived form of sexual deceit occurs when male 
insects attempt to copulate with the flower and receive pollinia (Dafni and Bernhardt, 
1990).  The ant or wasp follows the chemical scent to the flower and mistakes the 
labellum, which is often highly modified, for a female and attempts to mate.  In so 
doing, the insect collects pollinia from the plant for transferral to another flower.  
Many of the western Australian caladenias have dark dull coloured labellae with calli 
that mimic female wasp body shapes, and sepal tips covered in osmophores.  Studies 
into the pollination mechanisms of the Australian orchids by Stoutamire (1983) found 
that pseudocopulation is probably more strongly developed in Australian terrestrials 
than any other orchid flora.  Again this specialisation is likely to be due to the long 
geographic isolation of Australian orchid flora in which co-evolution and 
diversifications of floral morphology and pollinator behaviour could be refined 
(Jersakova et. al., 2006). 
 
1.5.  THE USE OF ORCHIDS AS INDICATOR SPECIES 
 
The use of orchids as indicator species has been raised and considering the 
information already available on orchid ecology it would seem a logical step in 
ongoing investigations into this large family (Sydes, 1994).  Studies, predominantly in 
the Northern Hemisphere, have found that the successful use of orchids a 
bioindicators can be variable.  Orchids were found to show a measurable response to 
historic and current environmental disturbances (Wotavova et. al., 2004; Bergman et. 
al., 2006; Kull and Hutchings, 2006).  Habitat quality appears to be driving the 
distribution and species diversity of orchids colonising the Krakatau islands 
(Partomihardo et. al., 2003).  Orchids are also suggested as potential indicators of 
climate change (Rumpff et. al., 2008). 
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Orchids would appear to conform to the required characteristics of a good indicator 
species as outlined previously (see section 1.1.5.1.) (Sydes, 1994).  Orchids are easy 
to monitor, once the location of populations are established they are easy to locate 
each year.  The highly specific to generalist interactions that orchids possess with 
pollinators and mycorrhizal associations theoretically identifies them as being 
sensitive to environmental changes (Sydes, 1994; Swarts and Dixon, 2008).  
Responses to different disturbance regimes and events would be expected to engender 
a response in orchid presence/absence, growth or reproduction.  Orchids are also a 
very widespread and their use as an indicator would be expected to be applicable over 
large geographic areas (Brown, 2002).  The uncertainties in use of orchids as 
indicators of ecosystem health are their degree of sensitivity to environmental change, 
and whether that response is predictable (Sydes, 1994). 
 
Orchids are involved directly or indirectly with many aspects of ecosystem function.  
Their reliance on mycorrhizal fungi and the necessary presence of specific pollinators 
for their continued survival mean they are particularly susceptible to environmental 
perturbations (Sydes, 1994; Rasmussen, 1995).  The degree of susceptibility depends 
on the orchids ability to use a substitute support mechanism to ensure the 
sustainability of the population (be that a substitute pollinator, mycorrhiza or 
reproductive method).  Much work has been done to date outlining the degrees of 
specialisation in pollinator and mycorrhizal interactions among orchids, but very little 
work has linked these traits to the response of orchids to ecological processes (Sydes, 
1994; Clark et. al., 2004; Kati et. al., 2004).  Understanding the potential sensitivity of 
orchids to environmental changes is vital to determining their use as indicators of 
ecosystem health (Sydes, 1994). 
 
1.6.  THESIS AIMS  
 
The overarching objective of this study is to determine the suitability of orchids as 
indicators of ecosystem health in urban bushland fragments.  In order to fully explore 
how orchids may be used as indicators of ecosystem health, the general ecology of 
orchids in urban bushland fragments needs to be understood.  Thus the aims of this 
thesis are to understand the space that orchids occupy in urban remnants in relation to   23 
disturbance and vegetation patterning, their pollination biology, mycorrhizal 
interactions and potential recruitment niches. 
 
There are a number of components associated with achieving Aim One.  Firstly the 
condition of the vegetation has to be assessed.  A number of methods were trialled to 
achieve an unbiased consensus on the condition gradient exhibited by sites.  
Vegetation patterns were explored using floristic data and plant functional groups.  
Orchid presence and abundance of species along the condition gradient was examined 
to determine species which correlated to particular vegetation condition categories.  
Attempts were made to correlate floristic data, plant functional group data and 
measured environmental variables to determine the presence of any relationships with 






Chapter 4 investigates the pollination ecology of a select group of orchids in urban 
bushland fragments.  The study uses supplementary pollination to determine if sites 
are experiencing pollen limitation or resource limitation.  How does fragmentation 
and interrupted connectivity affect pollination in orchids?  Are generalist and 
specialist pollinator systems affected in the same way?  Can fruit set be related to site 
condition?  Answering these questions begins to build an orchid-pollinator profile for 







Aim One.  Determine orchid species that can potentially be used as indicators of 
ecosystem health based on their abundance response to vegetation patterning and 
disturbance. 
Aim Two.  Determine the plant-pollinator dynamics in urban bushland fragments 





Chapter 5 investigates the presence and abundance of orchid mycorrhiza in urban 
bushland fragments.  The study firstly investigates presence and abundance of orchid 
mycorrhiza across all the study sites.  This provides insights into occupied and 
potential niches existing in site of different condition.  Do sites of good vegetation 
condition provide a greater number of potential niches for orchids to inhabit?  Are 
mycorrhiza associated with particular orchid species more restricted or abundant 
dependent on vegetation condition? 
 
This study also investigates the abundance of fungi surrounding the adult plant.  How 
far does the ‘umbrella’ of mycorrhizal fungi spread from the adult plant? Do the fungi 
of different orchids cover a greater distance?  Is the spread of fungi from the adult 






Outplanting orchid seedlings in urban bushland fragments is used to investigate 
potential recruitment in Chapter 6.  The study is in two parts.  The first, investigates 
the effects of additional watering in the establishment of orchid seedlings in urban 
bushland fragments.  Restoration and management of urban reserves, and even the 
potential of using orchids as bioindicators in areas where populations are not already 
established requires an understanding of outplanting requirements in these highly 
modified environments. 
 
This study investigates outplanted seedling survival in different vegetation condition 
categories.  Are seedlings more likely to survive in sites of good vegetation 
condition? Are potential recruitment sites widespread and orchid presence is limited 
by another factor?  Biomass allocation over one growing season is investigated in 
conjunction with seedling mortality. 
Aim Three.  Determine the presence and abundance of mycorrhizal fungi 
associated with selected orchid species in urban bushland fragments. 
Aim Four.  Determine the effects of vegetation condition on potential recruitment 
and biomass allocation of selected orchid species in urban bushland fragments. 
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The knowledge obtained from achieving these aims is anticipated to provide some 
insight into the use of orchids as indicators of bushland health.  This study also builds 
on the knowledge of orchid ecology in highly fragmented and disturbed systems 
(Partomihardo, 2003; Wotavova et. al., 2004; Kull and Hutchings, 2006; Collins, 
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Chapter Two 
Study Sites and Study Species 
 
 
2.1.  STUDY SITES 
 
This study involved the investigation of orchid ecology in the context of urban bush 
reserves.  Choice of study sites was restricted to the confines of urban sprawl in the Perth 
region of Western Australia. Study sites were chosen to represent a range of vegetation 
health conditions and provide adequate orchid populations for sampling purposes.  An 
aerial photograph depicting site locations within the urban matrix is provided in Figure 
2.1. 
  
Study sites range in size from 6.4 hectares to 360 hectares.  The distance between sites 
ranges between 1.2 km and 15 km with sites occurring over a thirty five kilometre 
longitudinal area.  A summary of site characteristics is provided in Table 2.1. 
 
2.2.  VEGETATION COMMUNITIES 
 
There is a high degree of variation in vegetation community types on the Swan Coastal 
Plain.  The Swan Coastal Plain was in the past a very species rich and diverse area of 
woodlands (Seddon, 1972).  Indeed the Swan Coastal Plain is recognized as an area of 
very high floristic diversity and species richness nestled within the biodiversity hotspot of 
the South West Botanical District (Myers et al., 2000; Hopper and Gioia 2004).  Existing 
vegetation community types for this study were sourced from a detailed survey conducted 
to provide information for policy formation for the preservation of urban bushland 







Figure 2.1.  Aerial photograph showing location of study sites (BP=Bold Park, BB=Brian Burke, Cad=Cadogan, FR=Flynn 
Rd, KP=Kings Park, Koo=Koondoola, Mar=Marangaroo, Mon=Montrose, PP=Paloma, SP=Shenton, War=Warwick) (Image 
sourced from Google Earth, 2007). 
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The Koondoola, Paloma, Montrose and Marangaroo sites are unusual in having an 
overstorey almost exclusively comprised of Banksia attenuata with a very diverse and 
species rich shrub understorey.  The shrub understorey of this vegetation type typically 
consists of Conostephium pendulum, Hibbertia huegelii, H. hypericoides, Petrophile 
linearis among other common shrub species.  The herb component of this vegetation type 
is also very diverse and species typically found include Drosera erythrorhiza, Burchardia 
congesta, Haemodorum laxum, Conostylis aurea and C. setigera.  This particular 
vegetation type is poorly reserved in the Perth metropolitan region (Gibson et. al., 1994).   
 
The majority of sites had a vegetation community known as Banksia attenuata or Banksia 
attenuata – Eucalyptus woodlands (Del Marco et. al., 2004).  These sites included Flynn 
Road, Warwick, Shenton Park, Kings Park, Brian Burke and Cadogan.  This vegetation 
type is well reserved on the Swan Coastal Plain and not at immediate threat of loss 
(Gibson et. al., 1994).  The overstorey is either solely comprised of B. attenuata or a 
mixture of B. attenuata and Eucalyptus marginata.  It is distinguished from the vegetation 
associated with sites such as Koondoola by having relatively low diversity of shrub and 
herbaceous species.  Shrubs found in this particular vegetation association typically 
include Hibbertia hypericoides, Xanthorrhoea preissii, Petrophile linearis, 
Gompholobium tomentosum, Conostephium pendulum and Acacia pulchella.  Herbaceous 
species typically found include Drosera erythrorhiza, Burchardia congesta, 
Haemodorum laxum, Conostylis aculeata, C. setigera, Briza maxima and Aira cupaniana.   
 
Two sites had unique vegetation associations that were not found at other sites.  Flynn 
Road had Banksia attenuata – Banksia menziesii woodlands and Banksia ilicifolia 
woodlands.  Banksia ilicifolia woodlands are poorly reserved on the Swan Coastal Plain 
and are generally quite species poor.  The overstorey is composed almost exclusively of 
B. ilicifolia but may also have B. attenuata.  The very open shrub understorey consists 
almost exclusively of Petrophile linearis with a more diverse herbaceous community 
typically consisting of Stylidium sp., Lyginia imberbis, Patersonia occidentalis.  Banksia 
attenuata – B. menziesii woodlands are very similar to the B. attenuata woodlands over 
species rich shrublands found at sites like Koondoola, with the inclusion of Banksia   30 
menziesii in the overstorey.  There is a species-rich shrub and herb element to this 
vegetation association.  
 
Bold Park has a number of vegetation associations that are were not recorded as occurring 
at other urban reserves utilised in this study.  Low coastal shrublands dominated by 
Xanthorrhoea preissii and Melaleuca systena and a low diversity scrubland occur in a 
large proportion of the park.  Bold Park also has Eucalyptus gomphocephala – Agonis 
flexuosa woodlands.  This vegetation association has an overstorey dominated by 
Eucalyptus gomphocephala and Agonis flexuosa and a shrub understorey consisting of 
Macrozamia riedlei, Hibbertia hypericoides and Phyllanthus calycinus.  There is a 
relatively high diversity of herbaceous species such as Aira cupaniana, Avena fatua, 
Briza maxima and, Lepidosperma angustatum.  The western areas of Bold Park with 
exposed or open limestone have a species-poor mallee and shrubland vegetation 
association.  The shrublands are dominated by Hibbertia sp., Acacia lasiocarpa, 
Dryandra nivea and Melaleuca systena.  Herbs present are the tougher coastal species 
such as Desmocladus flexuosa, Lomandra maritima and Comesperma confertum.  Some 
areas of Bold Park also have an Acacia shrubland.  The dominant species are Acacia 
lasiocarpa, A. rostellifera, Melaleuca systena and Gompholobium tomentosum.  Acacia 
shrublands as a vegetation association are poorly reserved on the Swan Coastal Plain 
(Gibson et. al., 1994). 
 
2.3.  SOIL TYPES 
 
Vegetation types are often strongly influenced by the underlying soils, which in turn are 
the result of the historic landform formation and geology of an area.  A study of the soil 
associations of the Swan Coastal Plain by Macarthur and Bettanay (1960) outlines the 
underlying geology of the study area.  The Swan Coastal Plain is bounded by the Darling 
Fault to the east.  The eastern edge of the Swan Coastal Plain, abutting the Darling Scarp 
is the Ridge Hill Shelf complex of colluvial and alluvial deposits and old beach sands.  
Running parallel to this is the Pinjarra Plain which comprises the most fertile soils of the 
coastal plain.  These soils are alluvial in origin.  Dominating the central area of the Swan 
Coastal Plain is the Spearwood and Bassendean Dune systems, which are aeolian in   31 
origin.  The Spearwood dune system is the younger of the two and is found to the west of 
the older Bassendean dune system.  Due to their age the Bassendean dune soils are more 
leached.   
 
The majority of sites fall on the Spearwood dune system (Table 2.1).  The more northerly 
sites found on the Spearwood dune system have soils that are much thinner sands that 
overlay Tamala limestone, and are generally Aeolian in origin (Macarthur and Bettanay, 
1960).  All of the sites that occur on Spearwood dune soils are a type of Banksia 
woodland vegetation association with a relatively rich understorey.  There are few sites in 
this study that fall within the Bassendean soils.  Brian Burke Reserve is the only site 
found wholly on the Bassendean dune soils.  Koondoola and Flynn Road are both found 
on the interchange of soil systems between the Bassendean dunes and the Spearwood 
dune system.  These two sites also occur over Tamala limestone.  Interestingly, Kings 
Park is situated over the transition between the Bassendean dune system and the Pinjarra 
Plain complexes.   
 
    
Table 2.1.  Study site locations and characteristics. Soil types based on (McArthur and Bettanay, 1960). 
Site Name  Site Code  Location 
(Nearest to centre of 
reserve) 
Area (ha)  Vegetation Community Type  Soil Type  Distance to Nearest 








20  Bankisa ilicifolia, B. menziesii, B. attenuata, 
Eucalyptus woodlands. 
Spearwood/Bassendean  Cadogan 
15.1 
2 




4.6  B. attenuata or B. attenuata – Eucalyptus 
woodlands. 
Spearwood  Warwick 
2.55 
1 




32.8  B. attenuata woodlands over species rich dense 
shrublands.  
Spearwood  Paloma 
1.64 
1.5 




6.4  B. attenuata woodlands over species rich dense 
shrublands. 
Spearwood  Montrose 
1.19 
0.88 




7.2  B. attenuata woodlands over species rich dense 
shrublands. 
Spearwood  Paloma 
1.19 
1.23 




58.1  B. attenuata or B. attenuata and Eucalyptus 
woodlands. 
Spearwood  Marangaroo 
2.18 
2.19 




123.5  B. attenuata woodlands over species rich dense 
shrublands.  
Bassendean/Spearwood  Montrose 
1.54 
1.83 




8.2  B. attenuata or B. attenuata – Eucalyptus 
woodlands. 
Bassendean  Montrose 
2 
1.72 




320.8  B. attenuata or B. attenuata – Eucalyptus 
woodlands. 
Pinjarra/Spearwood  Shenton Park 
3.04 
3.04 




19.7  B. attenuata or B. attenuata – Eucalyptus 
woodlands. 
Spearwood  Bold Park 2.87  1.23 




361.7  Coastal shrublands, Eucalyptus gomphocephala – 
Agonis flexuosa woodlands, Species poor mallee 
and shrublands over limestone, Acacia shrublands. 
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2.4  STUDY SPECIES 
 
This study focused on seven species of orchid commonly found in Perth’s urban bushland 
remnants.  The species spanned five genera of orchids with a variety of mycorrhizal 
associations, pollination mechanisms, pollinators, floral morphology and habitat 
preferences.  The species chosen were Caladenia arenicola, C. latifolia, C. flava, 
Elythranthera brunonis, Pterostylis sanguinea, Diuris magnifica and Microtis media.  
Characteristics and the distribution of the major study species are presented in Table 2.2. 
and photographs of the major study species are provided in Plate 2.2.A-G.  There were a 
number of other orchid species that were encountered during the course of this study.  
The aforementioned species were chosen for the reliability with which they could be 
found across all sites.   
 
Diuris magnifica forms dense colonies.  Plants are clonal with some ‘populations’ 
actually composed of only one or two clones (Brown et. al., 2008; personal observation).  
Each plant produces a number of flowers that open in sequence towards the top of the 
raceme.  Flowering occurs in late August to October (Brown et. al., 2008).  Studies by 
Beardsell et. al. (1986) and Indsto et. al. (2006) found that Diuris maculata exhibited 
guild mimicry of co-occurring legumes.  Diuris magnifica is also highly likely to benefit 
from guild mimicry, where bees visit sympatric legume species with very similar 
markings to Diuris.  Other clonal species that formed part of this study include Caladenia 
flava, C. latifolia, Pterostylis sanguinea and Microtis media.  All of these species 
typically produce more than one flower per plant (Brown et. al., 2008).  
 
Hybridisation occurs in a number of the study species (Hopper and Brown, 2001).  This 
most notably occurs in those species of the Caladeniidae tribe.  Caladenia arenicola 
freely hybridizes with co-occurring spider Caladenias.  Hybridisation is often seen 
between C. arenicola and C. longicauda.  The smaller Caladenias also hybridise, 
Caladenia flava is known to hybridise with Caladenia nana, C. latifolia, C. reptans, C. 
marginata and even the much larger C. longicauda (Brown et al., 2008).  Caladenia 
latifolia will also produce attractive hybrids with C. longicauda and C. gardneri (Brown 
et al., 2008).     
Table 2.2.  Characteristics of study species.  (BP=Bold Park, BB=Brian Burke, Cad=Cadogan, FR=Flynn Rd, KP=Kings 
Park, Koo=Koondoola, Mar=Marangaroo, Mon=Montrose, PP=Paloma, SP=Shenton, War=Warwick). 
Species name  Study site presence  Distribution in Western 
Australia 








FR, War, Koo, Mar, BP, KP, 
Pal, Mon, Cad. 









.  Well-drained sandy 







FR, War, Cad.  Throughout the south west 






.  Food deceit
4
.  High 
(inferred) 
Lateritic soils of 
Jarrah forest, coastal 
heath, Banksia 







War, Koo, Mar, BP, SP, KP, 
Pal, Mon, BB, Cad.  
Throughout the south-west 


















BP, KP, SP.  Widespread in coastal areas 
between Kalbarri and Israelite 










.  Coastal areas in 
shallow soil over 
limestone.  
Peppermint, Tuart 
woodland and low 
coastal heath
1
.   
Pterostylis 
sanguinea 
FR, War, Koo, BP, KP, Pal, 
BB, Cad. 
Common widespread inland, 
Kalbarri to Balladonia and 
east to South Australia.  Not in 



















War, Koo, Mar, BP, SP, KP, 
Pal, Mon, BB, Cad.  

















FR, War, Koo, Mar, BP, SP, 
KP, Pal, Mon, BB, Cad. 













1 Brown et. al. (2008)         5 Brown et. al. (1997) 
2 Phillips et. al. (2009)         6 Brundrett (2007) 
3 Hollick (2004)          7 Bonnardeaux et. al. (2006) 
4 Tremblay et. al. (unpublished data)     8 Beardsell et. al. (1986) and Indsto et. al. (2006) 
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Plate 2.2. A-G.  Study species.  A. Caladenia flava, B. Caladenia latifolia, C. Diuris 
magnifica, D. Caladenia arenicola, E. Elythranthera brunonis, F. Pterostylis sanguinea, 
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Chapter Three 
Orchids as Indicators of Ecosystem Health: The Relationships Between 
Orchid Abundance, Condition Assessments, Floristic Patterning and Plant 
Functional Groups in Urban Bushland Fragments 
 
 
3.1.  INTRODUCTION 
 
The Swan Coastal Plain is located within an internationally recognised biodiversity 
hotspot, the south-west Botanical District in Western Australia (Beard, Chapman and 
Gioia, 2000).  Work by Hopper and Gioia (2004) identifies the Swan Coastal Plain as a 
biodiversity hotspot in its own right, nestled within the greater south-west region.  
Approximately 60.5% of vegetation on the Swan Coastal Plain has been lost to clearing 
and the remaining vegetation continues to be threatened by urban development (Cofinas 
and Creighton, 2001).  Much of Perth’s urban bushland remnants are isolated fragments 
of Banksia woodlands that were once widespread across the Swan Coastal Plain (Beard, 
1989).  It is estimated that by 1986 an estimated 55% of the Banksia woodland complexes 
of the Swan Coastal Plain had been entirely cleared (Hopper and Burbidge, 1989).  Many 
of these remnants retain the original Banksia woodland structure and high diversity of 
species, the majority of which are endemic to the region.  In general, this remnant 
bushland vegetation tends to be highly fragmented with poor connectivity to other 
remnant vegetation, particularly in older fragments (Stenhouse, 2004).  Often, these 
remnants are areas that have been considered inappropriate for development, and as a 
result their size, shape and connectivity are not optimised for conserving the integrity of 
the vegetation (Wycherley, 1977; Stenhouse, 2003).  This results in increased 
susceptibility to disturbances and the survival of communities is threatened without 
effective management of disturbance factors (Government of Western Australia, 2000). 
 
Urban bushland remnants are open to invasion and disturbance, especially from their 
edges as they become surrounded by an increasingly intensive land use matrix.  The 
effects of these disturbances are often exacerbated by lack of effective management. 
Principal factors exacerbating ecological degradation resulting in changes in vegetation   38 
structure and species composition in urban bushland reserves include invasion of exotic 
species (especially weeds and grazing animals), altered fire frequency, altered hydrology, 
decreased gene flow, reduction of faunal and invertebrate habitat and increased nutrients 
(Kirkpatrick, 1986; Stenhouse, 2003; Crosti et al., 2007).  High perimeter to area ratios 
and tracks within reserves also result in easier access for invasive species from urban 
gardens (King and Buckney, 2002; Crosti et al., 2007).  The introduction of nutrients 
from surrounding urban development also facilitates invasive species establishment (King 
and Buckney, 2002, Thomson and Leishmann, 2004). . These changes can signify the 
transition from a representative remnant of the historic vegetation association to an 
altered species composition and vegetation structure (Hobbs and Norton, 1996).   
 
Orchids are a family of plants which has been shown to be highly vulnerable to a number 
of stresses commonly found in urban reserves, such as weeds (McKendrick, 1995; Scade 
et. al., 2006), isolation due to habitat fragmentation (Murren, 2002), grazing 
(McKendrick, 1995; Coates et. al., 2006) to name a few.  The links that orchids have to 
all aspects of ecosystem functioning, primarily through mycorrhizal associations and 
plant-pollinator mutualisms makes them particularly sensitive to changes in ecosystem 
function (Sydes, 1994).  Initial studies have indicated that orchids have the potential to be 
used as indicators of ecosystem health.  The abundance and distribution of orchids 
colonizing the Krakatou islands is an excellent example of how orchids can be used as 
indicators (Partomihardo, 2003).  Orchid species have colonized the islands along a 
disturbance gradient, so that abundances of particular species are indicative of the habitat 
condition.  Similar responses are seen in European ecosystems where orchid abundance 
and distribution can be correlated with agricultural practices (Wotavova et. al., 2004; Kull 
and Hutchings, 2006).  There are a few studies that have tested the relationship in orchid 
distribution and abundance and ecosystem function, either as a means of delineating 
potential orchid habitat (Clark et. al., 2004), or as a measure of general biodiversity (Kati 
et. al., 2004).  Future work must focus on developing an understanding of the use of 
orchids as bioindicators and to link orchid responses with particular disturbances to 
develop a diagnostic toolbox of orchid species in relation to ecosystem functioning. 
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This study aims to quantify the floristic groups recorded during the survey and place them 
in the context of previous survey work on the Swan Coastal Plain.  Investigations were 
carried out into the floristic patterning across all sites and how this correlated with 
vegetation condition.  Transformation of floristic data by classification into plant 
functional groups was employed with the aim of simplifying data and unveiling 
underlying functional patterns previously masked by the complexity of floristic data.  
Plant functional groups have been used in other studies to reveal changes to functional 
patterns by disturbances such as grazing (Adler et. al., 2005; Bello et. al., 2005), fire 
(Bradstock and Kenny, 2003; Pausas et. al., 2004; Allen, 2008), fragmentation (Korner 
and Jeltsch, 2008), and climate change (Mariano et. al., 2008).  Underpinning the 
research in this study is the question of whether orchids can be used as indicators of 
ecosystem health.   
 
Assessing the condition of multiple reserves on the Swan Coastal Plain using three 
established vegetation condition assessment methods provides the framework and focus 
for investigating the use of orchids as indicators of ecosystem health.  The aims of this 
study are: 
  Critically assess the use of ecosystem health evaluations in urban reserves. 
  Determine whether site condition affects the floristic groups identified.  
  Determine if there are a suite of plant functional groups that can be used to 
summarise the floristic complexity. 
  Determine whether plant functional groups are a reflection of site condition. 
  Determine which environmental measures best describe site condition. 
  Investigate the suitability of orchids as indicators of ecosystem health. 
This study builds on work by Stenhouse (2005) by investigating assessments of 
ecosystem health in urban reserves on the Swan Coastal Plain from an ecological 
standpoint.  This will be the first study that attempts to determine whether orchids can be 
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3.2.  METHODS 
 
The study sites utilized for this study are outlined in Chapter 2.  To achieve the objectives 
of this chapter, data was collected for health evaluation of the study sites in accordance 
with established methods outlined below.  Data were also collected for a number of 
environmental disturbance and floristic variables via quadrat and point location based 
field surveys.  Orchid specific data were also collected for each of the study sites, relating 
to species presence and abundance.  All data were analysed using multivariate statistics to 
determine relationships and correlations.  Details are outlined in the subsections that 
follow. 
 
3.2.1.  Field Surveys 
A full census of the vascular flora, including cover values for all species was obtained 
from each of the eleven study sites using three randomly placed 10m x 10m quadrats per 
site.  Quadrat size was determined using species area curves (Braun-Blanquet, 1932) and 
is in accordance with the recommended area for survey on the Swan Coastal Plain 
(Gibson et. al., 1994).  The eleven study sites were chosen based on a number of factors: 
  Geographic spread along the Swan Coastal Plain. 
  Similar vegetation and underlying soil associations (Community Type 28 or 20a 
on Tamala Limestone and Bassendean Sands) (Gibson et. al., 1994) in order to 
control differences in condition associated with substrate and vegetation 
complexes. 
  Sites supporting orchid populations of a minimum of 10 individuals per 
population. 
Cover values for all vascular plants were obtained using the Domin scale (Kent and 
Coker, 1992).  Domin numbers were later transformed for multivariate analysis using 
methods outlined by Curral (1987).  Surveys were carried out in spring following 
maximum rainfall for the year in order to capture annual and ephemeral species.  At each 
quadrat a visual estimate of the percentage cover for weeds, litter cover, native cover and 
bareground cover was obtained.  This floristic data was used to create the floristic matrix 
used in the multivariate analysis. 
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Estimates of tree density were obtained using the T-square sampling method outlined in 
Krebs (1999).  Tree species utilised were the five most dominant canopy species found at 
all sites, Banksia attenuata, Banksia grandis, Banksia menziesii, Allocasuarina fraseriana 
and Eucalyptus marginata.  A total of twenty trees of each species were used to record 
density at each site.  Health assessments on each of these trees were also made according 
to Grimes (1978). 
 
Canopy cover was estimated using a variation on the technique of hemispherical 
photography outlined by Jennings et al. (1999).  Photographs were taken using a Canon 
EOS 300D digital camera and a standard 18-55mm lens.  Digital images were taken with 
the camera on a tripod set at 1.5m above the ground, horizontally levelled and at a zenith 
of 0
0.  An automatic setting for aperture and shutter speed was used.  The focus of the 
camera was also set to automatic.  All digital images were taken on clear to relatively 
clear days, although contrast between foliage and sky was easily discernible in all 
instances.   
 
Digital images were analysed using the spectral analysis software, MULTISPEC (as 
outlined by Landgrebe, 1998).  Canopy area was determined using the software by 
choosing ten points that represented the spectral range of both sky and vegetation cover.  
In instances where the masked image did not visually match the actual photograph for 
canopy cover, extra points were chosen to further clarify the image.   
 
3.2.2.  Orchid Surveys 
A census of the orchid species present at each site was carried out using two randomly 
placed 10mx50m belt transects at each site.  Abundance data was collected for each 
species present.  Data obtained on orchid abundance and density was used to create the 
orchid matrix used in multivariate analysis. 
 
3.2.3.  Desktop Survey 
Data on the physical attributes for each of the eleven sites was also collected.  The size 
(ha), perimeter to area ratio and distance to the nearest bushland were determined using 
streetmaps and aerial photographs.  Canopy cover, tree health, tree density, litter cover,   42 
native vegetation cover, bareground cover, perimeter to area ratio, reserve size and 
distance to the nearest bushland, along with the scores from the three health assessments 
were all used to create the environmental data matrix utilised in multivariate analysis. 
 
3.2.4.  Established Health Evaluations 
Habitat Hectares Approach 
The collection of data for the Habitat Hectares approach followed that outlined in Parkes 
et al. (2003) and is summarised in, Appendix 1, with the following modifications:   
 
The benchmark site for this study had to be chosen as there are no existing benchmark 
sites for each of the ecological vegetation classes (EVC) in Western Australia that 
correspond with the use of the Habitat Hectares method.  Selection of the benchmark site 
can be formulated in a number of ways ranging from expert opinion to vegetation 
profiling under ideal conditions (Newell, pers. comm.).  All sites fell within the Banksia 
attenuata - Eucalyptus woodland types outlined by Gibson et al., (1994).  The benchmark 
site chosen (Flynn Rd) was selected due to its low levels of disturbance, rural/ bushland 
matrix, continuity with nearby reserves and national parks and maintenance of structure 
and composition expected to be found in an ‘ideal’ condition.  
 
The level of canopy health was determined using the methods outlined above (section 
3.2.1.).  Canopy cover estimates were made using the methods outlined above (section 
3.2.1.).  Recruitment was scored only for the dominant tree species in this study.  Saplings 
below 1.5m in height were considered to represent recruitment. 
 
Weed species at study sites were not separated into weeds of high or low threat based on 
their ‘invasiveness’ and ‘physical impact on vegetation type’ as outlined in Parkes et. 
al.(2003).  Weeds were determined to be any species that was not native and is currently 
listed as a weed species on the Florabase website by the Herbarium of Western Australia 
(Western Australian Herbarium, 2009).  All weed species were included in the estimate of 
weed cover.  Weed cover percentages were calculated from the recorded Domin cover 
and converted using a transformation formula as shown by Curral (1987).    43 
 
Logs were not considered in this study as they were not deemed to provide substantial 
habitat areas in the urban bushland reserves as logs were often removed as part of the 
management of the reserves.  Scores were standardized by the benchmark to compensate 
for the omission of the log component from the assessment. 
 
Viability Estimate  
Assessment of the health of sites was carried out utilizing the Viability Estimate, 
following Del Marco et al. (2004) with the following changes. 
 
Estimates were made on the vegetation condition based on the tree health data collected 
for each site.  A score was then allocated for vegetation condition. 
 
For the purpose of this study, local ecological linkages were considered to be any area of 
urban bushland within the vicinity of the study site.  Areas of grassed parkland or private 
properties with remnant bushland were not utilized as these were not considered to be 
protected or to provide significant areas of sustainable bushland. 
 
Vegetation Condition Index 
The Vegetation Condition Index (Stenhouse, 2005) was employed to assess the health of 
study sites with the following modifications.   
 
Litter layer depth and decomposed litter layer depth were not measured in this study.  The 
percentage of bare ground was visually estimated in quadrats (i.e. 20 quadrats).  A 
measure of the proportion of organic matter was taken along transects at all sites.  The 
indicators of bare ground and organic matter proportion were standardized to obtain a 
score out of ten for the soil surface layer component.   
 
A condition gradient was determined using an amalgamation of the rankings from Habitat 
Hectares and Vegetation Condition Index only.  Sites were then divided into condition 
groups; very good (first four ranked sites), good (next four sites) and poor (remaining 
three sites) based on a consensus between Habitat Hectares and the Vegetation Condition   44 
Index.  The condition groups are used in subsequent analysis of environmental variables 
and orchid data. 
 
3.2.5.  Plant Functional Group Analysis 
Species recorded in this study were classified into plant functional groups (PFGs 
comprising a six letter code) based on traits associated with regeneration response, life-
form, life-cycle and seed dispersal mechanisms (Table 3.1).  Plant functional traits follow 
those of Orscheg (2006).    45 
 
Table 3.1.  Attribute, traits and codes used to define species characteristics and plant 
functional groups (adapted from Orscheg, 2006). 
Attribute  Trait  Code 
Regenerative 
response 
Obligate seeder  OS 
  Facultative seeder (weak sprouter, strong seeder)  FS 
  Facultative sprouter (equal seeding and sprouting)  AS 
  Vegetative sprouter (strong sprouter, weak seeder)  VS 
Life form  Geophyte  GE 
  Tussock grass  GT 
  Rhizomatous grass  GR 
  Tufted herb  HT 
  Rhizomatous herb  HR 
  Sub-shrub (shrub ≤ 0.5m in height)  Ss 
  Shrub (shrub ≥ 1m in height)  SH 
  Tree  TR 
  Arborescent monocot  AM 
Life cycle  Annual (lives ≤ 1yr)  A 
  Biennial (lives c. 2yrs)  B 
  Perennial (lives > 2yrs)  P 
Seed dispersal 
mechanism 
Anemochory (pappus, papery wing or dust-like seed)  W 
  Ballistichory (explosive bursting of seed capsule)  X 
  Barochory (unclear or unassisted)  G 
  Endozoochory (fleshy fruit)  N 
  Ectozoochory (burr or spiky callus)  C 
  Myrmecochory (eliosome removal)  M 
 
3.2.6.  Data Exploration and Analysis 
The ecological data collected in this study required analysis using univariate and 
multivariate statistical analysis.  All multivariate analyses were conducted using PRIMER 
v6 (Clarke and Gorley, 2006).  Five data matrices were generated from the collected data 
for use in data exploration and analysis: 
  All species floristic matrix; 
  Species occurring in more than two quadrats floristic matrix; 
  Plant functional groups matrix; 
  Orchid density matrix; 
  Environmental parameters matrix.   46 
Data were transformed as outlined in Table 3.2.  Environmental variables were 
transformed following visual inspection of Draftsman Plots in PRIMER v6. 
 
Table 3.2.  Environmental and biotic variables used to examine patterns in site 
comparisons, correlations and environmental data exploration, and their transformations  







































Tree Density    Soil Properties   
Eucalyptus marginata 
density 
Log(x+1)  Organic Matter (OM)  Asin Sqrt 
Banksia attenuata 
density 
Log(x+1)  Ground Cover   
Banksia menziesii 
density 
Log(x+1)  Weed cover (%)  Asin Sqrt 
Allocasuarina 
fraseriana density 
Log(x+1)  Native cover (%)  Asin Sqrt 
Canopy 
Canopy cover (%) 
 
Asin Sqrt 
Litter cover (%)  Asin Sqrt 
Canopy Health    Bare ground (%)  Asin Sqrt 
Eucalyptus  marginata 
dead branches 
NT 
Site Variables   
Banksia attenuata dead 
branches 
NT  Size (ha)  NT 
Banksia menziesii dead 
branches 









NT  Habitat Hectares Score  NT 
Banksia attenuata 
canopy health 
NT  Viability Estimate  NT 
Banksia menziesii 
canopy health 
NT  Vegetation Condition Index  NT 
Allocasuarina 
fraseriana canopy health 
NT     
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Univariate data analysis was conducted using STATISTICA v6 (Statsoft).  Analysis of 
variance (ANOVA) was conducted on trait frequencies between sites.  Where significant 
differences were found, post-hoc Tukey HSD (honestly significant difference) was 
applied (Zar, 1999).  All datasets were tested for homogeneity of variance using Levene’s 
test for homogeneity (Levene, 1960).  Where data did not meet homogeneity of variance, 
Kruskal Wallis test (non-parametric alternative to ANOVA) was used (Zar, 1999).  
Where significant differences were found Mann Whiney U-testing was applied (Zar, 
1999). 
 
3.2.7.  Classification of Floristic Groups 
Floristic groups were derived from the all species floristic matrix using agglomerative, 
hierarchical cluster analysis.  Prior to analysis, Domin cover classes were converted to 
percentage cover as outlined by Ahmad et al. (2004).  Data was square root transformed 
and Bray-Curtis similarity was applied.  Derived floristic groups were linked by group 
averages and a similarity profile permutation test (SIMPROF) was run in conjunction 
with the cluster analysis. 
 
SIMPROF tests used in conjunction with cluster analysis will look for statistically 
significant evidence of genuine clusters in samples which are a priori unstructured.  
SIMPROF test results and visual inspection of the dendrogram were used to determine 
the derived floristic groups and the similarity cut off.  
 
To avoid confusion, the plant communities of Gibson et al. (1994) are referred to as 
‘communities’ in this thesis, while those derived from the analysis within this thesis are 
referred to as ‘groups’.  Descriptions of the derived floristic groups follow that of Muir 
(1977), with the three most dominant species being used for the descriptive title of each 
structural layer.   
 
3.2.8.  Analysis of Similarities (ANOSIM) Between Sites for Floristic, Plant 
Functional and Environmental Data Matrices. 
A one-way analysis of similarity (ANOSIM) test was performed on each matrix to 
determine whether there were differences between sites.  ANOSIM generates a test   48 
statistic, R, which is a sample size independent calculation of effect size, and reflects the 
observed differences between sites, contrasted with the differences among replicates 
within sites.  R-values approaching 1 indicate high levels of difference in the pairwise 
comparison.  The global R-value was used to test the null hypothesis that there were no 
differences between sites based on the data matrices.   
 
Permutation tests for the global test statistic in PRIMER v6 also produce a histogram of 
the null hypothesis distribution of the test statistic (ANOSIM, SIMPROF, BVSTEP, 
BIOENV).  The histogram represents the R-values that could be observed by chance.  
Comparing the true R-value with the permutations for R provides a decision on the null 
hypothesis.  If the true R-value falls within any of the randomly permuted R-values, then 
the null hypothesis is supported at the statistically significant p-value (<0.05) provided by 
the analysis.  
 
Pairwise R-values were also produced for all sites and used to determine which sites were 
likely to be floristically different from one another.  R-values were classified as 
representing large site differences (0.66 and above), moderate site differences (0.33 to 
0.66) and low site differences (0.33 and below).  The R-value is an absolute measure of 
differences between sites in the high dimensional space of the data, whereas the p-value is 
dependent on sample size.  For this reason, the p-value and additional post hoc testing 
were not applied to the pairwise significance levels as it gives a level of certitude which 
may not be justified . 
 
3.2.9.  Correlations Between Data Matrices 
The BEST procedure in PRIMER v6 is used to find the ‘best’ match between the 
multivariate among-sample patterns of a primary data matrix and a similarity matrix 
associated with the same samples.  The extent to which the two matrices match, reflects 
the degree to which the chosen similarity matrix ‘explains’ the primary data patterns.  
BEST can be used as an exploratory tool to investigate matches between; biotic and 
environmental data (e.g. species matching a particular disturbance), between two different 
biotic data matrices (e.g. species driving a greater community structure), or between the   49 
same biotic matrix (e.g. A subset of species which generate the same multivariate pattern 
as does the full matrix).   
 
BEST analysis produces a matching co-efficient for the variables that are deemed as the 
‘best’ match (ρ).  The significance of this match is determined using the histogram of the 
null hypothesis and the true value R value, as previously described for the ANOSIM 
procedure. 
 
BEST analysis was used to determine how well multivariate pattern could be explained 
by a subset of the entire data in the following matrices; 
  Full floristic matrix. 
  Plant functional groups matrix. 
  Orchid density matrix. 
BEST analysis was used in this situation to determine the possibility of indicators and the 
strength with which they can explain the entire dataset. 
 
BEST analysis was also used to determine the drivers for multivariate patterning by 
comparing datasets.  BEST was used specifically to determine: 
  Plant functional groups explaining floristic data. 
  Plant functional groups explaining orchid density data. 
  Flora species explaining orchid density data. 
  Environmental variables explaining floristic data. 
  Environmental variables explaining plant functional groups. 
  Environmental variables explaining orchid density data. 
 
Non-metric multi-dimensional scaling (MDS) in PRIMER v6 was used to help visualize 
the spread of groups in the full data matrix and the reduced data matrix for selected 
investigations.   
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3.2.10. Environmental Data Exploration 
Principal Components Analysis (PCA) in PRIMER v6 was used to investigate the 
relationships between environmental variables, sites, orchid density and presence, plant 
functional groups and the floristic data.  Vector overlays are used to determine the 
strength and direction of the relationship between environmental variables and the biotic 
data.   
 
3.3.  RESULTS 
 
3.3.1.  Established Health Evaluations 
Site rankings were inconsistent between the different health evaluations used in this 
study.  The Habitat Hectares and Vegetation Condition Index methods were most closely 
matched, with a few sites in the lower rankings trading places between the methods 
(Table 3.3).  Habitat Hectares and Vegetation Condition Index recognized Flynn Rd and 
Koondoola as exhibiting better vegetation condition, and Bold Park as having the worst 
condition.  The site rankings for Habitat Hectares and Vegetation Condition Index 
represent very similar condition gradients.  The scores and rankings from the Viability 
Estimate method are very different from the other two methods, the only similarity being 
that Flynn Rd and Koondoola are ranked within the first three sites.  Using the Viability 
Estimate method, Paloma Park is ranked as being in the worst condition of all study sites. 




Table 3.3.  Scores and rankings of study sites based on evaluation by Habitat Hectares, Viability Estimate and Vegetation Condition 
Index methods. 
  Habitat Hectares  Viability Estimate  Vegetation Condition Index 
Rank  Site  Score (max. 100)  Site  Score (max. 27.5)  Site  Score (max. 50) 
1  Flynn Rd  100 (benchmark)  Flynn Rd  23.5  Koondoola  43.2 
2  Koondoola  70.52  Warwick  21.9  Flynn Rd  37.36 
3  Paloma  49.47  Koondoola  20.5  Marangaroo  36.25 
4  Marangaroo  47.36  Brian Burke  20.3  Paloma  34.94 
5  Warwick  40  Kings Park  20.15  Kings Park  32.38 
6  Kings Park  40  Marangaroo  17  Montrose  31.71 
7  Brian Burke  35.78  Bold Park  16.9  Brian Burke  28.86 
8  Shenton Park  34.73  Cadogan  16.4  Warwick  24.72 
9  Cadogan  33.68  Shenton Park  15.5  Cadogan  23.8 
10  Montrose  30.52  Montrose  15.3  Shenton  21.86 
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3.3.2.  Floristic Data 
A total of 187 vascular plant species representing 48 families were recorded (Appendix 
1).  Fifty per-cent of the species recorded were from eight families (Papilionaceae, 
Poaceae, Cyperaceae, Asteraceae, Proteaceae, Haemodoraceae, Dasypogonaceae and 
Myrtaceae).  Table 3.4a shows the fifteen most dominant families for all the study sites 
and the proportion of exotic species recorded.  Asteraceae had the highest proportion of 
exotic species (72%), closely followed by Iridaceae (66%) and Poaceae (57%).  Table 
3.4b is a comparison of the proportion of exotic species for the four largest families found 
in this study, and two other studies conducted on the Swan Coastal Plain (Gibson et al., 
1994; Beard et al., 2000).  All studies show that Poaceae and Asteraceae have the highest 
proportion of exotic species within the families.  The study by Beard et al., (2000), had 
the highest proportions of exotics recorded out of all the studies. 
 
Table 3.4a.  Proportion of urban bushland flora and proportion of exotics recorded in the 
fifteen largest families in all study sites during this study.  
Family  Urban Bushland Flora 
(%) 
Exotic Species within 
family(%) 
Papilionaceae  10  10 
Poaceae  7.5  57 
Cyperaceae  7  15 
Asteraceae  6  72 
Proteaceae  6  0 
Haemodoraceae  5.4  0 
Restionaceae  4.3  0 
Dasypogonaceae  3.7  0 
Myrtaceae  3.7  0 
Anthericaceae  3.2  0 
Goodeniaceae  3.2  0 
Iridaceae  3.2  66 
Dillenaceae  3.2  0 
Stylidaceae  3.2  0 
Epacridaceae  2.1  0 
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Table 3.4b.  Comparison of the proportion of exotics in the four largest families recorded 
at all study sites with other Swan Coastal Plain studies (Gibson et al., 1994; Beard et al., 
2000). 
Family  Exotic species (%) 
as in this study  
Exotic species (%) 
as in Gibson et al., 
1994 
Exotic species (%) 
as in Beard et al., 
2000 
Papilionaceae  10  14  33 
Poaceae  57  46  81 
Cyperaceae  15  4  49 
Asteraceae  72  23  81 
 
3.3.3.  Classification of floristic groups 
Application of an analysis of similarity test (ANOSIM) provided a global R value of 0.77, 
resulting in the rejection of the hypothesis that there were no differences between sites 
floristically (p<0.001 significance level).   
 
The pairwise R values show that Koondoola can be considered floristically very different 
from all other sites (Table 3.5).  Flynn Road and Bold Park can also be considered 
floristically very different from almost all sites, sharing moderate similarities with 
Warwick and Shenton Park respectively.  Paloma Park shows a high level of difference 
with seven sites, and shares moderate similarities with Warwick and Marangaroo.  
Paloma Park is floristically very similar to Montrose based on the lowest R value, 0.07 
(Table 3.5).  Montrose was also found to be floristically quite similar to Marangaroo 
based on a low R value.  Shenton Park and Cadogan also shared low R values, suggesting 
a high similarity in shared floristic characteristics.  Warwick shared a moderate level of 
difference with eight sites and a high R value with Koondoola and Bold Park suggesting 
fewer shared floristic characteristics with these two sites.   
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Table 3.5.  R values for pairwise comparisons derived from ANOSIM analysis between 
sites based on floristic data.  (orange = high level of difference, yellow = medium level of 










































































































Flynn Rd  -                     
Koondoola  0.85  -                   
Paloma  0.89  1  -                 
Marangaroo  0.85  1  0.29  -               
Warwick  0.52  0.74  0.63  0.63  -             
Kings Park  0.89  1  0.81  0.67  0.55  -           
Brian 
Burke 
1  1  0.78  0.67  0.44  1  -         
Shenton  0.85  1  1  1  0.63  0.41  0.81  -       
Cadogan  0.93  1  1  0.96  0.59  0.48  0.56  0.26  -     
Montrose  0.89  1  0.07  0.18  0.59  0.52  0.41  0.93  0.89  -   
Bold Park  0.93  1  1  1  0.81  0.96  1  0.59  1  1  - 
 
The most distinctive floristic group was based on quadrats in dense tall grasslands 
dominated by Ehrharta calycina and E. longiflora, comprising the first division of the 
cluster analysis from the other groups at 13.7% similarity (Figure 3.1).  The second 
division breaks off quadrats with sparse banksia woodland with understoreys with a high 
species diversity (Groups 1 and 2) from very sparse woodland quadrats (Groups 3 to 7) at 
20.5% similarity.  Groups 1 and 2 diverge at 21.5% similarity.  Outlier groups 4 and 5 
break off at 24.6% and 25.3% respectively.  The fifth division of the cluster analysis 
breaks groups 6 and 7 at 26.4% similarity. SIMPROF analysis further supported these 
groupings, showing that they were statistically significant at p<0.01. 
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A brief description of the seven floristic groups derived through cluster analysis follows: 
 
Group 1.  Ehrharta calycina, E. longiflora Dense Tall Grassland.  (Plate 3.1) 
This floristic group is a dense tall grassland with little to no canopy species.  Quadrats 
within this group can be described as Ehrharta calycina, E. longiflora, Briza maxima, B. 
minor and Avena fatua dominated tall grasslands with occasional Lomandra maritima, 
Pelargonium capitatum and Hardenbergia comptoniana low emergent shrubs.  These 
sites were consistently ranked as among the poorest condition sites (Table 3.3).   
 
Group 2.  Banksia attenuata and B. menziesii Sparse Low Woodland over Daviesia 
triflora, Kingia australis and Hibbertia hypericoides Mid-density Heath and 
Mesomelaena stygia, Desmocladus flexuosa and Ursinia anthemoides Mid-density 
Herbs and Grasses.  (Plate 3.2) 
This floristic group is comprised of Banksia attenuata and B. menziesii Sparse Low 
Woodland over a species rich Mid-Density Heath and Mid-density herbs and grasses.  
Common mid and understorey species for this floristic group included Daviesia triflora, 
Hibbertia hypericoides, Gompholobium tomentosum, Kingia australis, Orthrosanthus 
laxus, Mesomelaena pseudostygia, M. stygia, Conostylis aculeata, C. setigera, Ursinia 
anthemoides and Waitzia suaveolens.  This floristic group is a mixture of the vegetation 
community types 23a (Central Banksia attenuta and B. menziesii woodlands) and 28 
(Spearwood Banksia attenuata or Banksia attenuata – Eucalyptus woodlands) as 
described by Gibson et al. (1994).  This group was the only floristic group to have B. 
menziesii recorded as a dominant species contributing to the overstorey composition.   
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Figure 3.1.  Dendrogram of quadrats showing the cut-off for the seven derived floristic 
groups.  Floristic groups are colour coded.  bb=Brian Burke, bp=Bold Park, ca=Cadogan, fr=Flynn 
Rd, ko=Koondoola, kp=Kings Park, ma=Marangaroo, mo=Montrose, pp=Paloma Park, sp=Shenton Park, 
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Group 4.  Banksia attenuata Very Sparse Low Woodland over Xanthorrhoea preissii, 
Petrophile linearis and Hibbertia hypericoides Very Sparse Open Low Scrub and 
Ursinia anthemoides, Gladiolus caryophyllaceous and Orthrosanthus laxus Very 
Sparse Open Herbs and Grasses.  (Plate 3.4) 
This floristic group is an outlier of Groups 6 and 7 and represents a vegetation community 
heavily influenced by frequent fires.  Quadrats sampled in this floristic group had been 
recently burnt at the time of survey and the species composition and structure would 
suggest Group 4 is derived from Group 7 and would be likely to exhibit similar dominant 
annual and non-woody perennials.  Other common species found in Group 4 included 
Conostylis aculeata, Desmocladus flexuosus and Dianella revoluta. 
 
Group 5.  Xanthorrhoea brunonis, Daviesia hakeoides, and D. rhombifolia Very 
Sparse Open Low Scrub over Lepidosperma angustatum, L. pubisquamatum, 
Petrorhagia dubia and Romulea rosea Sparse Open Herbs and Grasses.  (Plate 3.5) 
This floristic group is another outlier of Groups 6 and 7 and is one of only two derived 
floristic groups in this study to be largely devoid of an overstorey.  Other species found in 
Group 5 included Gompholobium tomentosum, Conostylis aculeata and the weeds 
Sonchus asper, Gladiolus caryophyllaceus. 
 
Group 6.  Banksia attenuata and Eucalyptus marginata Very Sparse Low Woodland 
over Hibbertia hypericoides, Stirlingia latifolia and Xanthorrhoea gracilis Sparse Low 
Scrub and Orthrosanthus laxus, Desmocladus flexuosus and Petrorhagia dubia 
Sparse Herbs and Grasses.  (Plate 3.6) 
This floristic group was one of only two derived floristic groups (also Group 7) to record 
Eucalyptus marginata as a dominant overstorey species.  Group 6 vegetation is typically 
sparsely distributed yet retains an upper, mid and lower storey structure that is relatively 
species rich.  Other native species recorded for Group 6 included Conostephium 
pendulum, Jacksonia floribunda, Scaevola repens, Petrophile linearis, Mesomelaena   58 
pseudostygia, various Lepidosperma species, various Haemodorum species and Briza 
maxima and B. minor. 
 
Group 7.  Banksia attenuata and Eucalyptus marginata Very Sparse Low Woodland 
over Xanthorrhoea preissii, Jacksonia sericea and Scaevola canescens Sparse Low 
Scrub and Ehrharta calycina, Mesomelaena pseudostygia and Ursinia anthemoides 
Mid-density Herbs and Grasses.  (Plate 3.7) 
Floristic Group 7 was structurally similar to Group 6, differing in a denser herb and grass 
understorey and a slightly different species composition.  Group 7 most closely resembles 
vegetation community 28 (Spearwood Banksia attenuata or Banksia attenuata – 
Eucalyptus woodlands) as described by Gibson et al. (1994).  Other species common to 
Group 7 included Gompholobium tomentosum, Hibbertia hypericoides, Burchardia 
congesta, Moraea flaccida, Romulea rosea and the weeds Briza maxima Silene gallica. 
 
 
Plate 3.1.  Example of floristic group one, Ehrharta calycina, E. longiflora dense tall 
grassland.  Occasional emergent Banksia attenuata.  Bold Park, City Beach.   59 
 
Plate 3.2.  Example of floristic group two, Banksia attenuata and Banksia menziesii 
sparse low woodland over species rich mid density heath.  Hibbertia hypericoides and 




Plate 3.3.  Example of floristic group three, Banksia attenuata, B. menziesii sparse 
low woodland over species rich mid-density heath.  Koondoola Regional Park, 
Koondoola.   60 
 
Plate 3.4.  Example of floristic group four, Banksia attenuata very sparse open low 
woodland over very sparse open low scrub.  Understory is dominated by Xanthorrhoea 
preissii and Petrophile linearis.  Warwick Open Space, Warwick. 
 
Plate 3.5.  Example of floristic group five, Xanthorrhoea brunonis and Daviesia sp very 
sparse open low scrub.  Other dominant species included Gladiolus caryophyllaceus and 
Conostylis aculeata.  Brian Burke Reserve, Balga.   61 
 
Plate 3.6.  Example of floristic group six, Banksia attenuata and Eucalyptus marginata 
very sparse low woodland.  Stirlingia latifolia and Xanthorrhoea gracilis dominate the 
understorey.  Decourcey Way Bushland, Marangaroo. 
 
 
Plate 3.7.  Example of floristic group seven, Banskia attenuata and Eucalyptus marginata 
very sparse open low woodland.  Other dominant species include Xanthorrhoea preissii 
and Scaevola canescens.  Warwick Open Space, Warwick.   62 
3.3.4.  Floristic Data Explaining Derived Floristic Groups 
Seven species were found to exhibit high rank correlations with the derived floristic 
groups using a multivariate rank correlation analysis known as BEST (Primer).  Rank 
correlations were optimized at 0.88 for the seven species; Austrostipa hemipogon, Avena 
fatua, Daviesia hakeoides, Daviesia rhombifolia, Dianella revoluta, Lomandra caespitosa 
and Scaevola repens.  Comparisons of MDS ordinations for both the full floristic dataset 
(Figure 3.2a) and a dataset based on the seven species highlighted in the BEST analysis 
(Figure 3.2b) show that the derived floristic groups are not entirely predictable from 
knowledge of these seven species.  Many of the sites in the reduced data ordination have 
moved in the 2D space relative to each other.  This would suggest that there is a limit to 
how far the complexity of the floristic data can be reduced and still adequately reflect 
differences in species assemblages among sites. 
 
 
Figure 3.2a.  MDS of sites for the full   Figure 3.2b.  MDS of sites for the 
floristic dataset.  reduced floristic dataset. 
 
bb=Brian Burke, bp=Bold Park, cad=Cadogan, fr=Flynn Rd, ko=Koondoola, kp=Kings 
Park, ma=Marangaroo, mo=Montrose, pp=Paloma Park, sp=Shenton Park, 
war=Warwick.  
The poor match between datasets was evident with the true ρ value (0.88) falling within 
the 999 permuted ρ values representing the null hypothesis.  A p value of 0.08 (p>0.01 or 
0.05) shows support for the null hypothesis of no agreement in multivariate pattern 
between data sets.   
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3.3.5.  Plant Functional Groups and Traits 
A total of eighty one plant functional groups were recorded across all sites.  The most 
common plant functional group recorded was obligate seeder-barochorus-annual tufted 
herbs with 15 species.  Thirty PFGs were represented by only one species.  Two plant 
functional groups were represented entirely by exotic species (obligate seeding-
ectozoochorous-annual-tussock grasses and obligate seeding-myrmecochorous-annual 
tussock herbs). 
 
Obligate seeding was the most common regenerative trait, followed by facultative 
sprouting (Table 3.6).  Tufted herbs were the most common life form recorded in terms of 
species frequency, followed by shrubs and tussock grasses.  Shrubs shared the highest 
PFG frequency with tufted herbs.  The most commonly recorded life cycle trait for PFGs 
and species were perennials.  Among PFGs, anemochory (wind dispersed) was the most 
common dispersal mechanism, followed by barochory(unassisted dispersal) and 
endozoochory (digested by animal vectors).  However, when considered at a species 
level, the most common dispersal trait is barochory (78 species) followed by anemochory 
(58 species) and endo- and ectozoochory (carried externally by animal vectors) both with 
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Table 3.6.  Summary of plant function traits among species occurring in more than 2 
quadrats. 
Traits  N
o PFGs  N
o species  Traits  N
o PFGs  N
o species 
Regenerative traits      Life cycle     
Obligate seeder  22  70  Annual  6  38 
Facultative seeder  11  23  Biennial  7  18 
Facultative sprouter  24  24  Perennial  50  131 
Vegetative sprouter  6  20  Dispersal     
Life form      Anemochory  20  58 
Geophyte  4  13  Ballistichory  3  9 
Tussock grass  8  26  Barochory  19  78 
Rhizomatous grass  4  13  Endozoochory  8  16 
Tufted herb  13  51  Ectozoochory  7  16 
Rhizomatous herb  7  13  Myrmecochory  6  10 
Sub-shrub  9  14       
Shrub  13  47       
Tree  4  6       
Arborescent monocot  1  4       
 
3.3.6.  Similarities Between Sites Based on Plant Functional Groups 
The significance levels (p values) obtained for the pairwise comparisons were too high to 
be utilized as an appropriate measure of difference between sites (p<0.1) as p values are a 
function of the sample size.  The R values for the pairwise comparisons were utilized as 
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Table 3.7.  R values for pairwise comparisons derived from ANOSIM analysis between 
sites based on plant functional group data.  (orange = high level of difference, yellow = 










































































































Flynn Rd  -                     
Koondoola  0.66  -                   
Paloma  0.48  1  -                 
Marangaroo  0.25  0.77  0.52  -               
Warwick  0.18  0.66  0.55  0.03  -             
Kings Park  0.44  0.59  0.52  0.03  0.11  -           
Brian 
Burke 
0.77  1  1  0.74  0.48  0.74  -         
Shenton  0.66  0.93  1  0.88  0.48  0.44  0.88  -       
Cadogan  0.55  1  1  0.74  0.59  0.22  0.96  0.22  -     
Montrose  0.33  1  0.44  0.11  0.29  0.29  0.59  0.85  0.88  -   
Bold Park  1  0.96  1  0.93  0.77  0.77  1  0.70  0.96  1  - 
 
Pairwise comparisons between sites show that Bold Park can be considered very different 
from all other sites (Table 3.7).  Brian Burke is also very different from other sites based 
on plant functional group assemblages, although shows moderate similarities with 
Warwick and Montrose.   
 
Comparison of pairwise R values between sites for plant functional group assemblages 
and for floristic data (Table 3.5) reveals that there were increased similarities between 
sites with the use of plant functional groups.  This is particularly evident at Kings Park.  
Comparisons of sites using floristic data revealed high levels of difference between Kings 
Park and Flynn Road, Koondoola, Paloma, Marangaroo, Brian Burke and Bold Park 
(Table 3.5).  Comparisons of pairwise R values for plant functional group assemblages 
between Kings Park and other sites reveal high levels of difference with Bold Park only   66 
and low levels of difference with four sites, suggesting the use of plant functional groups 
reduces unnecessary ‘data noise’ between sites of high species diversity (Table 3.7).   
 
Three of the four disturbance response traits showed significantly different frequencies 
between sites (Obligate seeder, facultative seeder and vegetative sprouter) (Figure 3.3 A-
C).  The plant traits obligate seeder and vegetative sprouter showed the same relationships 
between the means for all sites although the frequency of obligate seeders was slightly 
higher than vegetative sprouters.  Both plant traits showed a decline in the frequency of 
obligate seeders and vegetative sprouters from Koondoola to sites of poorer condition 
with Marangaroo as an intermediate site.  There was a greater degree of differentiation in 
the frequency of facultative seeders between sites with a marked decrease in frequencies 
from Koondoola to Bold Park.  Koondoola, Warwick and Bold Park were significantly 
different in the frequency of facultative seeders from the other sites (p<0.05) (Figure 3.3 
B). 
 
Four of the nine life form traits showed significant differences in mean frequencies 
between sites (Geophytes, Shrubs, Sub-shrubs and Arborescent monocots) (Figure 3.3 D-
G).  Geophytes were variable across all sites with Koondoola having the highest 
frequency.  The frequency of sub-shrubs was relatively low across all sites, with 
Warwick, Montrose and Bold Park having significantly lower mean frequencies of the 
trait (Figure 3.3 E).  Kings Park, Brian Burke, Warwick and Shenton had significantly 
lower frequencies of the shrub life form trait (Figure 3.3 F).  Koondoola and Paloma Park 
shared significantly higher shrub frequencies, closely followed by Marangaroo and 
Montrose.  Frequencies of arborescent monocots were highly variable between sites.  
Kings Park and Bold Park were the only two sites not to have the life form trait recorded 
during the survey (Figure 3.3 G). 
























Figure 3.3 A-F.  Frequency of plant functional traits at all sites.  A. Obligate 
seeder, B. Facultative seeder, C. Vegetative sprouter, D. Geophyte, E. Sub-
shrub, F. Shrub.  Values are means and error bars are (±) SE.  Sites are arranged 
in decreasing condition rank from left to right.  Means with the same letter are 
not significantly different (p<0.05). 
 
 

































































































































































Figure 3.3 G-J.  Frequency of plant functional traits at all sites.  G. 
Arborescent monocot, H. Perennial, I. Ballistichory, J, Barochory.  Values are 
means and error bars are (±) SE.  Sites are arranged in decreasing condition 
rank from left to right.  Means with the same letter are not significantly 
different (p<0.05). 
 
The perennial life cycle trait was the only life cycle trait where the frequencies were 
significantly different between sites.  The frequency of the perennial trait was 
relatively high across all sites, and the highest at Koondoola (p<0.05) (Figure 3.3 H).  
The perennial trait was significantly lower at Bold Park and tended to be lower at the 
other sites of poor condition.  Many of the sites between Koondoola and Bold Park 
exhibited shared means with only Paloma.  Kings Park and Bold Park were 
significantly different from each other. 
 
Ballistichorous and barochorous seed dispersal were the only two seed dispersal traits 
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ballistichory was variable among sites (Figure 3.3 I).  Koondoola had a significantly 
higher incidence of the trait than all other sites, and Shenton Park had the lowest.  
The trait was absent from Kings Park, Warwick and Bold Park.  Barochorous 
dispersal was high for all sites but tended to decrease with decreasing site condition 
(Figure 3.3 J).  Koondoola had the highest frequency of the trait and Shenton Park 
and Bold Park had the lowest (p<0.05).  Cadogan and Flynn Rd were the only two 
sites that did not fit with the trend of decreasing frequency with decreasing site 
condition.  Flynn Rd had a significantly lower frequency of barochory than the next 
three lower ranked sites, and Cadogan had a significantly higher frequency than the 
two preceding higher ranked sites.   
 
3.3.7.  Plant Functional Groups Acting as Indicators of Entire Plant Functional 
Group Dataset 
Ten plant functional groups were found to be indicators of the entire plant functional 
group dataset using the BEST analysis available in PRIMER.  Matching provided a ρ 
value of 0.92 suggesting a very high correlation between datasets.  The ten plant 
functional groups are: 
  Vegetative sprouter-geophyte-
perennial-barochory 
  Vegetative sprouter-shrub-
perennial-barochory 
  Facultative sprouter-grass 
tussock-biennial-ectozoochory 
  Facultative sprouter-shrub-
perennial-endozoochory 
  Obligate seeder-grass tussock-
perennial-anemochory 
  Obligate seeder-herb 
rhizomatous-perennial-
anemochory 
  Obligate seeder-herb tufted-
perennial-barochory 
  Obligate seeder-shrub-perennial-
endozoochory 
  Vegetative sprouter-arborescent 
monocot-perennial-anemochory 
  Vegetative sprouter-geophyte-
biennial-anemochory 
 
Comparisons of MDS ordinations for both the full plant functional groups dataset (Figure 
3.4a) and a dataset based on the ten plant functional groups highlighted in the BEST   70 
analysis (Figure 3.4b) show that plant functional group assemblages at sites are relatively 
predictable from knowledge of these ten groups. 
 
Figure 3.4a.  MDS of sites for the full   Figure 3.4b  MDS of sites for the 
plant functional group dataset.   reduced plant functional group dataset. 
 
bb=Brian Burke, bp=Bold Park, cad=Cadogan, fr=Flynn Rd, ko=Koondoola, kp=Kings 
Park, ma=Marangaroo, mo=Montrose, pp=Paloma Park, sp=Shenton Park, 
war=Warwick.  
 
The true ρ value (0.92) falls outside of the 999 permuted ρ values.  The null hypothesis 
that there was no agreement in multivariate pattern between the full and reduced datasets 
is (p<0.01 significance level) not supported.  The use of a subset of plant functional 
groups as a means of summarizing the full dataset is more accurate than using floristic 
data in the same manner.  Plant functional groups have been shown here to simplify 
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3.3.8.  Plant Functional Groups Explaining Floristic Patterns.  
Nine plant functional groups were found to exhibit high rank correlations with the 
floristic data matrix using a multivariate rank correlation analysis known as BEST 
(Primer).  Rank correlations were optimized at 0.89 for the nine functional groups;  
  Facultative sprouter-geophyte-
perennial-barochory  
  Facultative sprouter-sub shrub-
perennial-ballistichory 
  Facultative sprouter-grass 
tussock-biennial-ecotzoochory 
  Facultative sprouter-shrub-
perennial-endozoochory 
  Obligate seeder-grass tussock-
perennial-anemochory  
 
  Obligate seeder-herb tufted-
annual-myrmecochory  
  Obligate seeder-shrub-
perennial-balllistichory 
  Vegetative spreouter-geophyte-
biennial-anemochory 
  Vegetative sprouter-geophyte-
perennial-barochory 
The true ρ value (0.89) falls outside the 999 permuted ρ values.  The null hypothesis is 
not supported (p<0.01) and the alternative hypothesis that there is a match between the 
plant functional groups and the floristic data is supported.  The match between datasets 
further supports the use of plant functional groups in the exploration of vegetation 
patterning across sites.  More importantly the data provides nine plant functional groups 
that work as indicators of the species occurring across sites. 
 
3.3.9.  Orchid Data 
Global R value (ρ) of 0.569 falls outside the 999 permuted ρ values (p<0.01) and shows 
that there are differences between sites based on all species orchid density.  Pairwise 
comparisons show a high level of difference for orchid density between Shenton Park and 
all other sites (Table 3.8).  Brian Burke and Warwick also show high levels of difference 
with all other sites.  Cadogan shares similarities in orchid density with all sites except 
Warwick, Brian Burke and Shenton.  A number of sites share moderate differences in 
orchid densities. 
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Table 3.8.  R values for pairwise comparisons derived from ANOSIM analysis between 
sites based on all species orchid density data.  (orange = high level of difference, yellow = 










































































































Flynn Rd  -                     
Koondoola  0.38  -                   
Paloma  0.5  0.07  -                 
Marangaroo  0.71  0.23  0.03  -               
Warwick  0.75  0.40  0.86  0.84  -             
Kings Park  0.71  0.32  1  0.86  0.93  -           
Brian 
Burke 
0.93  0.56  0.89  0.39  1  1  -         
Shenton  0.96  0.68  1  0.54  0.93  1  1  -       
Cadogan  0.32  0.18  0.5  0.25  1  0  0.86  0.75  -     
Montrose  0.39  0.46  0.5  0.93  0.96  1  1  1  0.5  -   
Bold Park  0.59  0.56  0.43  0.67  0.84  0.57  0.81  0.71  0.61  0.07  - 
 
The density of individual orchid species was also investigated to determine the use of 
individual species as indicators of ecosystem health.  A SIMPER analysis on individual 
orchid species reveals which species are driving similarities between site condition 
categories and which species typify sites of a particular condition.  Table 3.9a and b 
shows that C. flava typifies the very good, good and poor condition sites, contributing to 
58%, 70% and 55% of the total Bray Curtis-similarity seen within each of the site 
condition groups respectively.  Diuris magnifica also contributes to the similarity within 
the poor condition sites (29% of total Bray-Curtis similarity) and P. sanguinea and C. 
arenicola also contribute to the similarity seen within very good condition sites (23% and 
22% respectively).   
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Table 3.9a.  Results of SIMPER analysis showing orchid species contributions to 
similarities within site condition categories. 
Similarity within site condition groups 
  Species  Average 
abundance 
Contribution to Bray-Curtis 
similarity (%) 
  Caladenia flava  0.62  41.19   
Very good  Pterostylis sanguinea  0.41  23.53   
  Caladenia arenicola  0.35  21.61   
  Caladenia flava  0.64  69.65   
Good  Caladenia arenicola  0.20  7.19   
  Pterostylis sanguinea  0.24  6.17   
  Caladenia flava  0.63  54.46   
Poor  Diuris magnifica  0.37  29.14   
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Table 3.9b.  Results of SIMPER analysis showing orchid species contributions to 
dissimilarities between site condition categories. 
Dissimilarity between site condition groups 












  Pterostylis sanguinea  0.41  0.10  14.18 
  Diuris magnifica  0.15  0.37  12.09 
Very good   Pyrorchis nigricans  0.27  0.07  10.08 
vs. Poor  Microtis media  0.07  0.25  10.00 
  Caladenia arenicola  0.26  0.35  9.21 
  Caladenia flava  0.63  0.62  7.89 
  Pterostylis sanguinea  0.41  0.24  14.10 
  Pyrorchis nigricans  0.27  0.28  13.74 
Very good   Caladenia arenicola  0.35  0.20  12.08 
vs. Good  Diuris magnifica  0.15  0.23  10.67 
  Caladenia flava  0.62  0.64  9.68 
  Microtis  media  0.07  0.17  7.62 
  Diuris magnifica  0.23  0.37  13.86 
  Caladenia flava  0.64  0.63  11.16 
Good   Caladenia arenicola  0.20  0.26  11.14 
vs. Poor  Microtis  media  0.17  0.25  10.42 
  Pyrorchis nigricans  0.28  0.07  10.38 
  Pterostylis sanguinea  0.24  0.10  9.49 
 
SIMPER analysis of the species contributing to the dissimilarity between site condition 
groups shows that the abundance of C. flava across sites makes it a poor indicator site 
condition.  Comparison of very good and poor condition sites reveals that P. sanguinea 
contributes 14% to the dissimilarity between condition groups with a much higher 
average abundance at sites of very good condition.  Pyrorchis nigricans is similar with   75 
higher abundances at very good condition sites as opposed to poor condition sites, 
providing a 10% contribution to the dissimilarity between condition groups.  The 
comparison of good and very good condition sites shows that P. sanguinea continues to 
be a discriminating species (14% of the total Bray-Curtis dissimilarity).  Comparisons 
between good and poor condition sites show that P. sanguinea does not contribute greatly 
to the dissimilarity between sites as other species become more prominent.   
 
Diuris magnifica is a species which contributes to the dissimilarity between sites of very 
good and poor condition (12% of the Bray-Curtis dissimilarity) with a much higher 
abundance at poor condition sites.  The higher abundance of D. magnifica at the poorer 
condition sites is repeated in comparisons between very good and good condition and 
good and poor condition sites, although none as strongly as that seen between very good 
condition sites and poor condition sites.  This result is reflected in the high contribution of 
D. magnifica to the similarity between poor condition sites.  The abundance of M. media 
between site condition categories was similar to that of D. magnifica (Table 3.9b), 
although M. media did not appear to typify sites of poor condition as its contribution to 
similarity fell outside of the measured similarity cut-off. 
Caladenia arenicola is a species which appears in relatively equal abundance across sites 
of all condition categories, albeit at a much lower abundance than C. flava.  Interestingly, 
the lowest abundance for C. arenicola is at good condition sites, where the highest 
abundance of C. flava is recorded.   
3.3.10. Correlation Analysis Between Orchid Density, Floristic Data and Plant 
Functional Groups  
Running a BEST analysis on the orchid density matrix highlighted seven orchid species 
that best represented the entire orchid matrix, and so best represent the orchid 
assemblages across sites.  These species were; Caladenia flava, Caladenia arenicola, 
Elythranthera brunonis, Pterostylis sanguinea, Pyrorchis nigricans, Caladenia latifolia 
and Diuris magnifica.     76 
Seventeen plant species provided a match between the orchid density matrix and the 
floristic data matrix with a true ρ value of 0.71.  The floristic data matrix and the orchid 
density matrix do not have agreement in multivariate pattern and the seventeen species 
are not accurate indicators of orchid density at sites. 
The plant functional group matrix proved to be just as poor as the floristic matrix in 
providing indicator groups for orchid density.  The true ρ value fell within the 999 
permuted ρ values and as such the null hypothesis is supported (p>0.01 at 0.37).  The 
plant functional group matrix and the orchid density matrix do not show agreement in 
multivariate pattern. 
3.3.11. Environmental Data 
The first four components of Principal Components Analysis (PCA) accounted for 30.5%, 
20%, 13.6% and 9.7% of the variability, respectively.  The first two components 
explained 50.5% of the variability and were utilized to create a PCA plot (Figure 3.5).  
Principal component analysis of the matrix of environmental data revealed that the PC1 
axis was dominated by a gradient of increasing native vegetation cover from right to left.  
Other variables that loaded strongly on the PC1 axis were VCI score, HH score, weed 
cover (in opposition to native cover), Eucalyptus marginata density and dead branch 
scores for the dominant canopy species.  The PC2 axis was dominated by a gradient of 
increasing perimeter to area ratios from the top to the bottom.  Other variables that loaded 
strongly on the PC2 axis were canopy cover, size, litter, OM, and K score.  The most 
influential of these variables are shown as a vector overlay on the PCA plot (Figure 3.5). 
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Figure 3.5.  PCA plot of sites for the environmental parameters matrix.  The blue lines 
and circle represent a vector plot of selected parameters.  The length of the overlain 
vectors reflects the importance of the environmental parameters contribution to the PCA 
axes displayed. 
 
Comparison of eigenvectors obtained for the three measures of vegetation condition (HH, 
VCI and K) show that VCI and HH better represent the gradient of sites along the PC1 
axis with a corresponding decrease in scores and ranking from left to right.  The direction 
of the HH and VCI vectors show that within the 2D space of the PCA plot, site condition 
actually decreases diagonally from Flynn Road in the top left to the bottom right of the 
plot.  The eigenvector values and vector overlay for the K score is a better match to the 
gradient of sites observed along the PC2 axis, and is strongly influenced by site size. 
 
3.3.12. Environmental Variables Explaining Floristic Data 
Running a BEST analysis on the environmental matrix and the floristic data revealed the 
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  Weed cover 
  Banksia attenuata dead branch 
scores 
  Banksia menziesii dead branch 
scores 
  Canopy cover 
  Allocasuarina fraseriana density 
  Eucalyptus marginata canopy 
health 
  Vegetation Condition Index score 
 
Global R statistic of 0.881 (p<0.001) suggests that the subset of environmental variables 
explains the variability in the floristic data set very well.   
 
3.3.13. Environmental Variables Explaining Plant Functional Groups 
Six environmental variables were found to best explain the patterning of plant functional 
groups across sites.  These variables were; 
  Weed cover 
  Eucalyptus marginata dead 
branch scores 
  Canopy cover 
  Perimeter to area ratio 
  Habitat Hectares scores 
  Vegetation Condition Index 
scores 
 
Global R statistic of 0.716 (p<0.001) suggests that the plant functional group assemblages 
at the study sites are highly predictable based on the subset of environmental variables. 
 
3.3.14. Environmental Variables Explaining Orchid Data 
The five variables that were found to be a best match for orchid density across sites were; 
  OM 
  Weed cover 
  Native cover 
  Litter cover 
  Eucalyptus marginata density   79 
The subset of environmental variables found to best explain orchid density across sites 
were not found to be significant (Global R statistic of 0.425, p<0.06).  The small sample 
size obtained for orchid density measures means that no further statistical testing of the 
relationship between orchid presence and environmental parameters is possible.  
However, general trends can be investigated through a number of exploratory tools. 
 
 
Figure 3.6.  PCA plot of environmental variables with vector overlay of subset of orchids 
from BEST analysis of the orchid data matrix.  Length of the vectors reflect the 
importance of the environmental parameters contribution to the PCA axes displayed 
 
Introducing a vector overlay of the six orchid species that best explained the entire orchid 
matrix, shows how the environmental variables may be influencing the orchids (Figure 
3.6).  Elythranthera brunonis and Pterostylis sanguinea appear to be influenced by the 
PC2 axis in the same manner that VCI and HH score was in Figure 3.5.  In opposition to 
this is Caladenia flava.  Diuris magnifica, Caladenia arenicola and Pyrorchis nigricans 
have a much weaker loading along the PC1 axis.  
 
Reducing the vector overlay to clonal and non-clonal orchid contributions reveals that 
both groups of orchids are influenced by the same environmental variables for PC2 




























P. nigricans C.arenicola D. magnifica  80 
(Figure 3.7).  Clonal species are also influenced by PC1 to a small degree, corresponding 
to increasing weed cover and decreasing cover by native species. 
 
 
Figure 3.7.  PCA plot of environmental variables with vector overlay of clonal and non-
clonal orchid data.  Length of the vectors reflect the importance of the environmental 
parameters contribution to the PCA axes displayed 
 
3.4.  DISCUSSION 
 
3.4.1.  Assessments of Ecosystem Condition 
Each of the vegetation condition assessments produced a different order of site rankings 
(Table 3.3).  Rankings between the two quantitative methods were the most similar, with 
the qualitative Viability Estimate rankings in a very different order.  The differences in 
site rankings between the two quantitative assessment methods lies in the way in which 
the respective scores are obtained.  The Habitat Hectares method relies on comparisons 
between the study site and a benchmark site which represents the ‘natural’ or 
‘undisturbed condition’ (Parkes, et al., 2003).  Choice of the benchmark site is critical in 
order to obtain a true assessment of the vegetation condition of all other sites as all sites 
are assessed in light of the benchmark.  The Vegetation Condition Index uses a number of 
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measureable parameters (called indicators which are grouped under the broader sub-index 
categories) to determine an independent final score for each site.  There is no weighting 
of scores as seen in the Habitat Hectares method, although there is a scaling of each 
indicator against the maximum value of the indicator data set.  The number of uncommon 
species is down-weighted, however all other sub-indices are evenly weighted (Stenhouse, 
2005).  The Vegetation Condition Index includes a measure of tree health and is more 
biased towards vegetation parameters as opposed to the Habitat Hectares method which 
also takes into account ‘landscape context’ components such as patch size and 
connectivity. 
 
The ranking attained by Warwick is the greatest discrepancy in rankings between the 
Habitat Hectares method and the Vegetation Condition Index (Table 3.3).  Warwick 
attained a relatively high ranking under the Habitat Hectares method and this is largely 
due to the high number of healthy trees recorded at Warwick relative to the other sites.  
Warwick obtained high Habitat Hectares scores for canopy health, canopy cover and 
patch size relative to the other sites, all of which have a high weighting in the scoring 
system.  Warwick obtained very high scores for tree health under the Vegetation 
Condition Index method as well, but low scores for species diversity, native plant cover 
and weeds resulting in a lower overall ranking for Warwick.  The inclusion of landscape 
context components and weighting in Habitat Hectares and a bias towards purely 
vegetation parameters in the Vegetation Condition Index highlight the effects of survey 
methodology.  Despite the ranking change of Warwick and the smaller scale 
discrepencies in rankings between a few other sites, the general gradient of site condition 
is from Koondoola/Flynn Rd to Bold Park is paralleled between the two assessment 
methods. 
Viability Estimate rankings were very different from both the Habitat Hectares and 
Vegetation Index methods.  The Viability Estimate encompasses a means of estimating 
the vegetation condition as well as a similar landscape context component to that seen in 
the Habitat Hectares method (DelMarco et al., 2004).  The main difference between the 
methods is that the vegetation component of the Viability Estimate is a qualitative   82 
assessment known as the Vegetation Condition Scale (Keighery, 1994).  The Vegetation 
Condition Scale relies on the user ascribing a condition category to the vegetation based 
on the degree to which the vegetation has been altered from a pristine state.  A final score 
is obtained by combining the vegetation score with the other ‘viability factors’ to obtain a 
final score.  Each factor is weighted, and with four of the five viability factors related to 
landscape context components, the resulting assessment is heavily weighted towards this. 
 
Sites with a combination of large size, low P/A ratios, protected connectivity and a 
regular shape can obtain a score that far outweighs their internal vegetation integrity.  
This is observed in sites such as Bold Park, Brian Burke and Warwick obtaining high 
ranks based on their size, shape or connectivity despite low scores for the vegetation 
condition component.  Kings Park, Flynn Rd and Koondoola retain a similar ranking as 
achieved in Habitat Hectares and the Vegetation Condition Index.  Excellent vegetation 
condition at all of these sites and high scores for all the landscape context components 
ensure these sites are ranked as being in good condition under the Viability Estimate.   
 
Despite the development of vegetation condition assessment methods there has been little 
consensus as to how these assessments should be conducted.  Rapid assessments of 
vegetation condition at varying scales are commonly utilized in the management of land 
resources.  Evaluating vegetation condition assessments is dependent on the end point of 
the assessment.  An assessment that is highly qualitative but widely useable in the field 
may be preferable in a management context to an assessment that is labour intensive and 
relies on complex statistical analysis.  Selection of attributes and scoring the methods of 
vegetation condition assessments are the result of human value judgements (Gorrod, 
2006).  In order to minimize the inherent bias in vegetation condition assessments it is 
widely regarded that the assessments should have a strong basis in ecological theory and 
establish causal links between measurable parameters and responses (Tait et al., 2001; 
Keith and Gorrod, 2006). 
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Between the Habitat Hectares and the Vegetation Condition Index an assessment of the 
vegetation and the landscape context components is covered well.  The application of 
these two ranking systems to provide a grouping of sites as ‘very good’, ‘good’ and 
‘poor’ goes a long way to establishing how floristic patterning relates to ecosystem health 
(Figures 3.5, 3.6 and 3.7).  The inclusion of P/A ratio (as utilized in the Viability 
Estimate) and shape in the PCA analysis revealed how landscape components can have a 
significant influence on site condition.  Perimeter to area ratio and size of the reserve in 
particular were well correlated with the gradient of site conditions (Figure 3.5).  The 
synthesis of an ecosystem health assessment that is relevant to the context in which it is 
being used requires careful planning and knowledge of the drivers of floristic patterning 
and vegetation change in the first place.   
3.4.2.  Orchids as Indicators of Ecosystem Health 
Analysis of overall orchid densities revealed Brian Burke, Warwick and Shenton were all 
very different from the other sites (Table 3.8).  These sites are all ranked towards the 
lower end of the condition assessments and are heavily influenced by weed invasion and 
lower canopy cover caused by frequent disturbances.  It is likely that these disturbances 
have altered the orchid densities within these sites and is resulting in the observed high 
differences.  Both Paloma and Cadogan had a high diversity of orchids in small numbers, 
with Cadogan sharing many species with the higher ranked sites (Table 3.8).  The high 
diversity of species is likely to be driving the observed similarities seen between Cadogan 
and the other sites, Paloma in particular.  While orchid densities were shown to be 
significantly different between sites, it is not until individual species abundances are 
investigated in conjunction with measured parameters and overall site condition that 
potential indicator species become apparent.   
 
Caladenia flava was the most abundant species across all site condition categories (Table 
3.9a).  The abundance of C. flava across site condition categories stayed relatively 
constant.  This study shows that C. flava appears to be an opportunistic and disturbance 
tolerant species that is able to exploit niches across sites of varying degrees of 
disturbance.  A similar study by Collins (2007) investigating the use of orchids as   84 
indicators of minesite rehabilitation completion criteria, found that C. flava was very 
quick to recolonise recently mined areas, but took a number of years to reach pre-mining 
abundances.  In the event of an acute one-off disturbance such as clearing for mining, C. 
flava is able to return to an area before and at a much quicker rate than other orchid 
species (Collins, 2007).  The disturbance regimes experienced in urban reserves are over 
a much longer term and are rarely left to recover in the same way that an area undergoing 
post-mining rehabilitation.  Despite the differences in disturbance regimes, it would seem 
that C. flava in urban reserves are responding in a similar manner to those in the study by 
Collins (2007), by recolonising or persisting where other species are not able to do so.  
Supporting the study by Collins (2007), C. flava has been shown to produce a response to 
disturbance, which is a vital attribute for an indicator to possess (Whitford, 1998).  The 
rapid response of C. flava to a disturbance may be useful as an indicator in the short term 
where disturbances are sporadic but acute in nature. 
 
The reason C. flava may be so robust in the face of disturbance lies in its growth form.  
Caladenia flava is a clonal orchid that produces proximal daughter tubers creating very 
dense colonies of plants.  The network of leaf sheaths and tubers within a colony of C. 
flava can be quite dense as each daughter tuber has the ability to produce a leaf blade the 
season after formation (Dixon, K. pers. comm.).  Studies have shown that clonality can 
often aid in the persistence of a species at a site as plants do not have to rely on 
favourable conditions for germination as required by seeder species (Pate and Dixon, 
1981; Dixon, 1991; Hutchings, 1999, Nelson et al., 2007).  Clonal plants are also more 
robust to disturbances, particularly in heterogeneous environments (Hutchings, 1999).  
Orchids are transient within an ecosystem as a result of their dormancy and ability for 
some species such as C. flava to reproduce vegetatively.  This vegetative tissue ensures 
the orchid is able to endure a disturbance event or resource shortage.  Tubers provide the 
basis from which re-population of a disturbed area can rapidly take place as has been 
shown both by C. flava and in other clonal species with a short leaf longevity (Grant and 
Koch, 2003; Collins, 2007; Nelson et al., 2007).  
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Diuris magnifica is a clonal species that does not appear to follow the opportunistic 
nature of C. flava in the same way.  SIMPER analysis of species contributing to 
similarites within and dissimilarities between site condition categories revealed D. 
magnifica, and to a lesser extent M. media to be indicators of sites of poor condition 
(Table 3.9a and b).  Diuris magnifica is a clonal species producing 3 to 4 daughter tubers 
at the distal end of a parent tuber (Bates, 1984; Dixon, 1991).  The clonal nature of this 
species allows it to exploit a niche where a non-clonal species may not be able to persist 
or establish (Collins, 2007).  Clonality in D. magnifica and C. flava means that they are 
both well suited to sites experiencing weed invasion, an open canopy or reserves of a 
small size as sites of poor condition have been shown to (Figure 3.5) (Scade et. al., 2006).  
Lower abundances of D. magnifica at sites of better condition may be the result of an 
inability to compete with other plants at sites of better condition.   
 
Microtis media showed a similar response to the condition gradient as D. magnifica, 
having higher abundances at sites of poor condition (Table 3.9a and b).  Microtis media 
has been described previously as being a ‘weedy orchid’, often found in weed infested 
and disturbed sites with dense undergrowth (Scade et. al., 2006).  Microtis media was a 
weaker indicator of poor condition sites than D. magnifica and this may be due to the 
emergence of M. media earlier in the season than surveys were undertaken.   
 
Sites classified as being in very good condition had the highest abundance of P. 
sanguinea (Table 3.9a), a result that is also reflected in the PCA of environmental 
variables (Figure 3.6).  In the multivariate analysis, P. sanguinea is driving the similarity 
between sites of very good condition and also contributes to dissimilarity between the 
different site condition categories, in particular between very good and poor.  One reason 
for this may be that P. sanguinea has a relatively high specificity with a fungus from the 
Ceratobasidium clade both for germination and ongoing growth and development of 
juvenile and adult plants (Warcup, 1981; Bonnardeaux et al., 2006).  In other orchid 
species, such a high degree of mycorrhizal specificity is typically a driver of rarity   86 
(Shefferson et al., 2005; Swarts and Dixon, 2009).  While P. sanguinea is not rare, in that 
it is not currently a species at risk of extinction from threatening processes, it is a species 
whose abundance is restricted to sites of very good condition in this study.  The 
abundance and the strength with which P. sanguinea is a potential indicator of sites in 
very good condition in this study is likely to be a reflection of the highly specific orchid-
fungus relationship being supported by the prevailing environmental conditions at these 
sites.   
 
While D. magnifica, M. media and P. sanguinea exhibited potential as indicator species 
of sites where condition had been assessed, linking orchid species to specific floristic, 
environmental or PFG variables proved difficult.  No reliable matches were found 
between orchid abundance and measured environmental variables (see section3.3.15).  
Floristic complexity was very high across all sites and it is likely that the high 
dimensional data cannot be readily linked to a subset of orchid species that comprised 
such a small percentage of the entire floristic data matrix.  This complexity of the data as 
compared to the low cover values of the orchid species was still present when floristic 
data was simplified into PFGs.  Environmental variables provided the closest match to 
orchid species even though it was not significant (see section 3.3.15).  Orchids were 
linked to a number of environmental aspects of the ecosystem but not strongly to any one 
component.  The relationship between measurable parameters such as ground cover or 
tree health, and orchid responses is more readily expressed by the sum of the parts via the 
entire condition assessment.  It should be noted that in comparison to European systems, 
where orchids have been more readily linked to environmental changes (Wotavova et. al., 
2004; Kull and Hutchings, 2006), there has been a much shorter period of disturbance in 
the urban reserves of this study and so less time for the effects of disturbance to become 
manifest as a response in orchids.  The emergence of potential indicator species of site 
condition can be linked to correlations between environmental variables and site 
condition to provide the initial means of investigating the use of orchids as indicators of 
ecosystem health. 
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3.4.3.  Floristic groups and environmental associations with floristic pattern 
The vegetation sampled in this study showed clear division into floristic groups, even 
though some species occurred in all, or a majority of quadrats.  Floristic groups fell into 
one of four broad groups based on structure; open grassland, sparse low woodlands 
dominated by Banksia attenuata and Banksia menziesii, Daviesia spp. open low 
shrublands and Banksia attenuata and Eucalyptus marginata sparse low woodlands.  The 
different floristic groups are likely to be a result of mixed historical land use, time since 
fragmention and disturbance.  Changes to vegetation in terms of structure and floristic 
composition can be correlated to historical disturbance events (Wardell-Johnson, et. al., 
2004; Baker et. al., 2005).  Accurately quantifying these historic events and disturbances 
was beyond the scope of this study.  The open grassland group was associated with high 
weed cover, high P/A ratios and sites assessed as being in the poorest condition.  The 
sparse low woodlands dominated by Banksia attenuata and Banksia menziesii were 
associated with high proportions of native vegetation cover and condition scores, placing 
these vegetation groups into the very good condition categories.  The Daviesia spp 
shrublands were associated with sites categorized as being in good condition, although 
they typically had a decreased canopy cover.  The Banksia attenuata and Eucalyptus 
marginata woodlands were associated with a mixture of very good to poor condition 
sites.  Condition within this floristic group appeared to be dependent on the density of the 
mid and lower storeys with the poorer condition sites having a much denser middle and 
lower storey.  It should be noted however, that the density of the poorer condition sites is 
the result of exotic grasses and herbs.   
 
The diversity of floristic groups observed during this study is higher than that of previous 
floristic surveys of the Swan Coastal Plain.  Surveys by Gibson et al. (1994) found fewer 
plant communities than this study found floristic groups. However, the overlap between 
groups and communities was high and the findings of this study are supported by work 
done by Gibson et al. (1994).  The environmental gradients that are associated with the 
floristic groups suggest that disturbances within reserves may play a critical role in 
shaping the floristic and structural composition of an area.  Studies have indicated that the 
anthropogenic disturbances associated with urban reserves, coupled with the effects of 
fragmentation can greatly alter species composition.  (Clements, 1983; Hobbs and   88 
Hopkins, 1990; Ross et al., 2002).  Generally disturbance within urban fragments leads to 
an increase in exotic species richness and a decrease in the native species richness (Ross 
et al., 2002).  Distance and connectivity between sites also plays an important role in 
floristic composition.  Sites that retain connectivity with other fragments provide a means 
for propagule dispersal and outcrossing between populations (Hobbs and Hopkins, 1990).  
It would be expected that fragments that retain a high degree of connectivity would have 
a similar floristic composition.  Despite the geographical proximity and the connectivity 
that has been retained among sites in this study, the floristic composition between sites at 
the time of sampling is highly divergent.   
 
The dominance of particular families within the floristic groups was supported by the 
findings of Gibson et al. (1994).  The four most dominant families were the same for both 
studies (Table 3.4b).  However, the proportions of the families that were alien taxa were 
quite different.  Gibson et al. (1994) recorded lower proportions of alien taxa in the 
dominant families.  Comparison with more recent data from the entire South West 
Botanical Province shows that proportions of alien taxa recorded in this study for Poaceae 
and Asteraceae are in accordance with the regional statistics (Beard et al., 2008).  It is 
possible that since the surveys conducted by Gibson et al. (1994) that there has been an 
increase in the proportion of alien taxa within the dominant families.  Increased 
urbanization around these reserves would certainly promote increased invasion and 
establishment of alien taxa (King and Buckney, 2001; King and Buckney, 2002). 
 
The presence of weeds was repeatedly a key environmental variable dictating overall 
condition of the sites and influencing both floristic and plant functional group patterns.  
The impact of weeds on floristic pattern is most evident in the poor condition sites, 
particularly Bold Park and Shenton Park (floristic group 1) (Figure 3.5).  This finding is 
supported by other studies where urban remnants subject to major disturbances are 
characterized by a predominance of exotic species (Saunders et al., 1991; King and 
Buckney, 2001; King and Buckney, 2002; Ross et al., 2002; Ohlemuller et al., 2006).  
Complex interactions have been shown to exist between disturbance events (such as fire), 
ongoing disturbances, nutrient enrichment of the soil and size and age of the remnant in 
relation to weed invasion (King and Buckney, 2001; Ross et al., 2002).  Remnant age   89 
dictates the time over which disturbances have been operating is likely to account for the 
predominance of weed species at Bold Park, the oldest site in this study (Ross et. al., 
2002).  The edges of heavily modified urban reserves are likely to carry the largest 
repository of exotic species, both growing and in the soil seed bank as anthropogenic 
disturbance provides opportunities for these species to establish (King and Buckney, 
2001).  Invasion by exotic species from remnant edges is increased in irregularly shaped 
reserves (Saunders et al., 1991).  This is reflected in the current study where high 
perimeter to area ratios and internal disturbance at sites of poor condition coincides with 
high exotic species cover.  High degrees of disturbance combined with irregularly shaped 
remnants have provided opportunities for invasive species to populate these poor 
condition sites.   
 
Tree health was another key environmental variable that strongly influenced floristic, and 
to a lesser extent, plant functional group patterning.  Trees are the dominant feature of 
remnant native vegetation and provide nesting sites and habitat for a myriad of faunal 
species, as well as influencing microclimate of the lower storeys.  In relation to floristic 
patterning, B. menziesii and B. attenuata dead branch scores were important in observed 
floristic patterning.  Sites in poorer condition typically had a greater incidence of dead 
branches of all canopy species and lower canopy cover values for E. marginata.  Dead 
branch scores were lowest in floristic groups 6 and 7 for B. menziesii and B. attenuata, 
respectively.  Dead branches are indicative of poor overall tree health and have been 
linked to litter cover, understorey cover and soil nutrient enrichment (Close et al., 2008).  
Decreased tree health in this current study would also appear to be linked to the site 
attributes of larger P/A ratios and smaller remnant sizes and may be a useful indicator of 
site health.   
 
Decreased fitness of the dominant canopy species is also a product of the pressures placed 
on these remnants by surrounding land use.  One long term study has shown that tree 
health on the Swan Coastal Plain suffers from the effects of groundwater drawdown.  
This is particularly evident in the death and stress of Banksia species over the Gnangara 
Mound (Groom et al., 2008).  In the facultative phreatophytic species B. attenuata and B. 
menziesii, plants growing in close proximity to the water table develop a decreased   90 
resistance to xylem cavitation following a drop in the water table (Canham et al., 2009).  
Floristic groups 6 and 7 occur over the Gnangara Mound and the increase in branch death 
in B. menziesii and B. attenuata at these sites may be related to the effects of groundwater 
drawdown.   
 
3.4.4.  Plant Functional Groups and Traits 
Plant functional groups are used to summarize the role the plants perform in ecosystem 
processes and how they respond differently to environmental changes (Cornelissen et al., 
2003; Gitay and Noble, 1997).  Plant functional groups have been proposed as an 
alternative to indicator species as a means to assess the impacts of environmental change 
on ecosystems (Skarpe, 1996; Gitay and Noble, 1997; Lavorel et al., 1997).  The use of 
plant functional groups in this study as a means of assessing vegetation patterns in sites 
subject to disturbance is partly justified by the strong match between the floristic data and 
plant functional groups.  Interestingly, exotic species were not represented by their own 
functional group and tended to fall into groups already represented by native species.  
However two PFGs were represented entirely by exotic species (obligate-seeding-
ectozoochorous-annual-grasses and obligate seeding-myrmecochorous annual-tussock 
herbs). 
 
A subset of plant functional groups more reliably represented the entire dataset than a 
subset of the floristic data.  These results suggest that targeted surveying of these 
functional groups would be adequate to describe the floristic variability among sites of 
the current study (see section 3.3.8).  If sites can be adequately described from these 
select functional groups, management and conservation planning of these reserves can 
become more efficient.  The use of plant functional groups in an Australian reserve has 
proven to be a robust method of determining the impacts of fire management regimes 
(Bradstock and Kenny, 2003).  By choosing traits relevant to the disturbance pressures of 
urban reserves, it is possible to adapt plant functional traits to be used for the 
understanding and management of ecological processes within these bushland remnants.   
 
Matches with environmental variables also proved to be strong further supporting the use 
of plant functional groups in such floristically complex systems.  The environmental   91 
variables that provided significant correlations with plant functional groups were the 
variables that were more closely aligned with ecological processes.  Variables such as 
canopy cover, weed cover and P/A ratio are related to the function of the entire remnant.  
Matches between the environmental variables concerned with ecosystem function and 
plant functional traits strengthens the use of these traits as a means of determining 
vegetation patterning in response to disturbance.   
 
Regeneration and life cycle traits have previously been shown to be very effective and 
reliable indicators of disturbance, particularly fire events (Bell, 2001; Franklin et al., 
2001; Pausas et al., 2004; Allen, 2008).  Some studies have suggested that sprouting 
ability is associated with persistence in areas of high disturbance frequency and intensity 
with an associated drop in the numbers of seeding species (Keeley and Zeddler, 1978; 
Yates et al., 2003).  Long lived seeders have typically been found to be associated with 
lower disturbance intensity and frequency, where the persistence of the seeder is 
dependent on the ability to produce a reproductive generation in the inter-fire period 
(Pausas et al., 2004).  Facultative sprouting was the most common disturbance response 
across all sites, followed by obligate seeding (Table 3.6).  Vegetative sprouting was the 
least common disturbance response across all sites.  Only facultative sprouters showed a 
relationship to the site condition gradient, where the frequency of facultative sprouters 
decreased from good to poor condition (Figure 3.3 B).  The prevalence of resprouting as a 
in the Australian flora, is considered an adaptation to frequent disturbances such as fire 
(Bell, 2001).  Typically facultative sprouters are thought to buffer disturbance regimes 
better than any other disturbance response as they are able to draw on multiple means of 
re-establishing biomass (Bellingham and Sparrow, 2000; Bell, 2001).  This may be true 
for singular disturbance events, but emerging ecological theory suggests that productivity 
in conjunction with disturbance plays a larger role in plant response (Bellingham and 
Sparrow, 2000).   
 
The decline in facultative sprouters along the condition gradient in this study may be 
linked to decreased productivity of the soil at sites of poorer condition (Bellingham and 
Sparrow, 2000).  A plant that invests energy in producing both vegetative tissue and 
flowering/fruiting tissue requires a substantial substrate.  A decline of facultative   92 
sprouters would be expected at sites of very frequent disturbance that have low resource 
availability.  The opportunistic response of facultative sprouters to available resources is 
analogous to that of clonal plants as outlined previously in this chapter and by Hutchings 
(1999).  Modelling of plant functional traits and fire events in a Mediterranean ecosystem 
showed that facultative sprouters would not be maintained in the absence of fire (Franklin 
et al., 2001).  This fits with the productivity theory as fire promotes the release of 
nutrients to the soil (Grove et al., 2006).  Modelling also indicated that facultative 
sprouters were more common in moderate and frequent fire/disturbance events as the fire 
provided a ‘regeneration niche’ and promoted propagation by post-fire resprouting 
(Franklin et. al., 2001).  It is possible that the decline of facultative sprouters in sites of 
poorer condition is related to the absence of fire.  However, the fact that there is no 
change in the frequency of obligate seeders or vegetative sprouters would indicate that 
these traits are responding to stimuli other than fire.  Such complex interactions require 
further study and are beyond the scope of this current study. 
 
Productivity may also be influencing life-form as well as regeneration response.  The 
frequency of shrubs, and sub-shrubs in particular, appeared to be related to the condition 
gradient.  Decreasing environmental condition was related to decreased frequency of 
these life form traits.  This is particularly evident in the open grasslands of floristic group 
1 where very few shrubs remain (Plate 3.1).  It is possible that shrubs and sub-shrubs are 
not able to compete for resources in sites of poor condition.  As resources become limited 
at sites of poor condition and frequent disturbance, selection pressures favour those plants 
that are require fewer resources to sustain them resulting in changes to vegetation pattern 
(Bellingham and Sparrow, 2000).   
 
Life cycle dynamics are also driven by disturbances and reflect the persistence of a 
species within a community (McIntyre et al., 1999).  Annual and perennial traits were the 
most common life cycle trait of this study.  Only the perennial trait showed significant 
differences along the condition gradient of sites, declining in frequency with decreased 
condition of site.  As disturbances become more frequent longer lived perennial species 
are not able to complete their life cycles in the time between disturbances and there is a 
shift towards annual life histories (Pakeman, 2004).  The findings of the current study   93 
support the findings of McIntyre et al. (1999) and Pakeman (2004), showing a decrease in 
perennial species in sites of disturbance.   
 
Urban development around bushland remnants and internal disturbance can affect the 
ability of propagules to move among fragmented landscapes (Ozinga et al., 2004).  
Dispersal of propagules within urban fragments relies on dispersal vectors that can 
accommodate dispersal between sites for regional sustainability of a species and within 
sites to facilitate local survival of a population.  Anemochory and barochory were the 
most common dispersal traits recorded in this study.  Wind is a very effective long 
distance dispersal vector that has been associated with open vegetation types (Ozinga et 
al., 2004).  The prevalence of anemochory in this current study does not appear to be 
linked to the vegetation condition gradient, rather the open vegetation community types 
of the Swan Coastal Plain.   
 
Barochory and ballistichory dispersal traits were significantly different among sites, 
showing a general trend of decreasing frequency along the condition gradient from good 
to poor condition sites.  Barochorous dispersal relies on seed weight and seeds do not tend 
to disperse far from the parent plant (Cornelissen et al., 2003).  The presence of heavy 
seeds with unassisted dispersal mechanisms may indicate greater available resources at 
the site to enable plants to invest the energy in production of seeds with increased 
endosperm (Haig and Westoby, 1990).  Heavier seeds are better able to germinate in areas 
that are heavily shaded or have a high understorey cover (Westoby et al., 1996).  
Barochorous frequencies support the findings of Westoby et al. (1996) with significantly 
higher frequencies at sites assessed as being in very good condition with high canopy 
cover and native vegetation cover values.   
 
Very little work has been done on ballistichory propagule dispersal.  Results from this 
study would indicate that there is a relationship between the site condition gradient and 
ballistichorous species, with ballistichory expressed most frequently at sites of very good 
condition.  Further work needs to be done to determine whether this is an artifact of the 
geographical distribution of Daviesia species (the genus comprising the highest incidence 
of ballistichorous dispersal) or it is actually related to site condition.     94 
 
3.5.  CONCLUSIONS 
Perth’s urban bushland remnants have been affected by fragmentation, increased 
pressures from the surrounding urban matrix and the resulting disturbances.  It has been 
shown through a number of different assessment methods, that vegetation condition of 
urban remnants are a product of patch attributes relating to ecological processes and 
anthropogenic properties such as remnant shape and size.  Sites assessed as being in very 
good condition were characterized by high canopy cover, high native vegetation cover 
large size and a low P/A ratio.  Sites of poor condition typically had high weed cover.   
 
Floristic complexity at sites was found to mask relationships with environmental 
variables that were apparent following classification into plant functional groups.  A 
subset of plant functional groups were found that can potentially be used as a surrogate 
for collecting data on the entire flora.  Plant functional groups were also found to relate 
reliably with a subset of environmental variables that represented measures of the entire 
site rather than individual plant measures.  Breaking down the plant functional groups 
into their traits and examining them against the condition gradient provided insights into 
how disturbances are influencing functional patterning. 
 
Understanding the environmental factors driving site condition was vital to the formation 
of a site condition gradient against which to investigate the use of orchids as indicators of 
ecosystem health.  Analysis revealed D. magnifica as a potential indicator of sites of poor 
condition.  The prevalence of D. magnifica at sites of poor condition was linked to a 
capacity for survival and spread in these sites as a due to its clonal nature.  Pterostylis 
sanguinea emerged as a potential indicator of sites of very good condition potentially 
linked to the requirement of suitable resources to support the highly specific relationship 
with a mycorrhizal fungus.  However, there were no simple relationships between the 
relative abundance of orchids and other measured vegetation or habitat characteristics.  It 
would seem that the emergence of these orchid species as potential indicators of site   95 
condition requires further work to establish the causal links between the indicator species 
and ecological processes as they relate to disturbance.  Investigations undertaken in 
chapters 4, 5 and 6 explore the pollination biology, mycorrhizal presence and abundance 
and recruitment potential in light of vegetation condition.  This study aims to provide an 
initial means of investigating the use of orchids as indicators of ecosystem health. 
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Chapter Four 
Pollination Success, Floral Density and Reproductive Costs of Flowering 
in Orchids in Urban Bushland Remnants 
 
 
4.1.  INTRODUCTION 
 
Plant species within a remnant may persist for many years after isolation as a result of 
individual plant longevity, although populations may not be sustainable (Saunders et 
al., 1991).  Thus it is important to gain a measure of recruitment or reproductive 
success for indigenous species in order to ascertain whether the remnant is viable or a 
‘living relic’ destined for ecological degradation.  Observed effects of fragmentation 
on plant reproduction include reduced effectiveness of pollination and seed set, 
lowered diversity and abundance of flower visiting insects due to habitat loss (Aizen 
and Feinsinger, 1994; Jennerston, 1988; Hobbs and Yates, 2003).  Invasion of reserves 
by exotic pollinators that displace native pollinators has also been observed in urban 
remnants (Paini, 2004).   
 
Urban development allows remnant vegetation to become much more open to 
visitation by non-native pollinators servicing the surrounding residential gardens.  The 
invasion of exotic pollinator species to a remnant patch may mean that the traditional 
plant pollinator mutualisms that existed become changed.  Access to floral resources 
by exotic pollinating insects can result in depressed seed set and altered plant 
reproduction (Aizen, 1994).  The impact of exotic pollinator invasion will depend on 
the magnitude of change in pollinator abundance and the specificity of the plant-
pollinator relationship in question.  The array of highly specialised plant-pollinator 
relationships observed in terrestrial orchids is unlikely to be directly affected by the 
presence of exotic pollinators.  Problems will arise if the exotic pollinators are able to 
outcompete native pollinators for resources or habitats, ultimately displacing the 
native pollinators (Lawrence and Anderson, 2006).  Plant species that rely on more 
generalist pollinators can switch pollinators and have the ability to maintain their seed 
output in the face of such an invasion (Aizen and Feinsinger, 1994).  However, the 
highly specialised plant-pollinator mutualisms observed in some south-western 
Australian orchid species are not subject to substitution of the pollinator, and so the   98 
ability to sexually reproduce may be lost from some species (Stoutamire, 1983).  
Understanding the complexities of pollination biology in highly fragmented urban 
areas requires further work in order to manage invasive species appropriately and 
conserve existing plant-pollinator mutualisms. 
 
Reductions in pollination services can result from the distance between plant 
populations becoming greater than the foraging range of pollinators, or small plant 
populations not being frequented by long ranging pollinators.  Reduced habitat size 
and suitability by fragmentation can also lead to smaller pollinator populations 
servicing the surrounding remnants (Kearns et al, 1998).  Flower pollination success, 
measured as seed set, could potentially be a powerful tool in determining the effects of 
fragmentation.  The inability of pollen to arrive at receptive flowers is reflected in 
poor seed set success and is known as pollen limitation.  Pollen limitation can occur as 
a result of the plants themselves not offering a floral reward or the pollinators may be 
generally scarce in the area at the time of flowering.  Pollen limitation has been 
observed in entire plant communities as well as select families within a vegetation 
association (Johnson and Bond, 1997; Elliott and Ladd, 2002).  An understanding of 
the pollination dynamics of a plant community can provide information as to whether 
a depressed fruiting event is the result of pollination limitation or another condition.   
 
Pollination success has been proposed as a measure of ecosystem health in highly 
fragmented landscapes (Aizen and Feinsinger, 1994).  The provision of pollinator 
services is a very useful measure of environmental stress and productivity within an 
ecosystem (Kevan, 1999).  Orchids provide an ideal study species in relation to 
pollinator services as their abundance and the ongoing sustainability of an orchid 
population is driven primarily by its plant-pollinator interactions (Stoutamire, 1983; 
Ramsay et. al., 1986; Clements, 1989; Roberts, 2003).  Orchids possess plant-
pollinator mutualisms that range from the very generalist mechanisms to the highly 
specialised.  Orchid pollinators may be greatly affected by changes in food resources 
and suitable habitat that may occur as a consequence of fragmentation and declining 
ecosystem health in the urban matrix (Huang et. al., 2009).  The survival of orchid 
populations in urban remnants, indeed in all habitat types, is inextricably linked with 
the habitat conditions required to support their pollinators.  Changes in pollination 
success, particularly in those orchids possessing highly specialised plant-pollinator   99 
mutualisms, are likely to act as an ‘early warning system’ for changes in ecosystem 
function.   
 
Australian orchids display some of the most highly specialised pollination 
mechanisms in the plant kingdom, ranging from simple rewards systems to complex 
deceit.  Orchids that produce food rewards have non-specific pollinator requirements 
and are serviced by a high diversity of pollinators (Brundrett, 2007).  There are a 
relatively low number of Western Australian terrestrial orchids that utilise nectar as a 
food reward in comparison with orchid genera in other Mediterranean regions (Dafni 
and Bernhardt, 1990).   
 
A shift towards greater plant-pollinator specificity includes those orchids that attract 
pollinators by food deceit (Brundrett, 2007).  Approximately one third of all orchids 
employ deceit in their pollination syndromes, either as food or sexual deceit (Dafni, 
1984; Jersakova et. al., 2006).  Food deceit increases pollinator specificity because the 
models that the orchids mimic are preferred by a particular group of insects 
(Brundrett, 2007).  Capsule production by food deceit is often density dependent, as 
shown by two studies of the Australian food deceptive orchids, Diuris maculata and 
Thelymitra antennifera (Beardsell et. al., 1986; Dafni and Calder, 1987).   
 
The majority of Western Australian orchids employ sexual deceit as a pollination 
mechanism (Brundrett, 2007).  This pollination syndrome most often involves thynnid 
wasps (in the case of Caladenia and Drakaea species) or ants (Leporella fimbriata) 
and orchids may have only one known pollinator (Stoutamire, 1981; Stoutamire, 
1983; Peakall et. al., 1987; Peakall, 1989; Peakall, 1990; Phillips et. al., 2009).  The 
shape of the orchid and emission of chemical pheromones that mimic the female 
insects help to deceive and attract pollinators (Stoutamire, 1983).  While pollination 
success is low, it is believed that sexual deceit encourages a high level of outcrossing 
(Peakall and Beattie, 1996).  
 
This study examined several components of the pollination ecology of orchids in 
urban bushland reserves in the Perth metropolitan area of Western Australia.  Urban 
development on the Swan Coastal Plain of Perth has led to the encapsulation of areas   100 
of native vegetation.  In this context, the pollination success of four orchid species 
common to the region was studied.  I addressed the following questions: 
  Are there differences in fruit set success between sites of very good, good and 
poor condition sites? 
  Is pollination success density dependent? 
  Are there costs to reproduction amongst the study species that can be related to 
site condition? 
 
It is anticipated that this work will contribute to the body of knowledge of 
reproductive success of orchids in urban fragments.  The outcomes of this study will 
provide potential insights into the conservation requirements for sustainable orchid 
populations in fragmented ecosystems.   
 
4.2.  METHODS 
 
4.2.1.  Study Species and Sites 
This study was conducted in urban bushland reserves within the Perth Metropolitan 
Region on the Swan Coastal Plain. The eleven study sites are all urban bushland 
fragments of varying size and condition (Chapter 2). The sites were used in the 
condition assessment, outlined in Chapter 3, and also included populations of orchids 
of at least 10 plants.  The sites were distributed across the extent of the metropolitan 
region and are indicated in Figure 2.1 (Chapter 2). 
 
The species chosen for this study represent the variety of orchid pollination syndromes 
commonly found within urban bushland remnants, as shown in Table 4.1.  The species 
tested for suitability as indicators based on their abundance at sites, as outlined in 
Chapter 3, are also included. 
 
4.2.2.  Pollination Success 
Reproductive success was measured at each site over two consecutive years by 
measuring pollination in a minimum of 10 individuals of each species per population.  
Where possible, multiple populations were sourced within a reserve.  Pollination 
success was defined as those flowers that had been pollinated and set fruit, aborted 
seed capsules were measured as an unsuccessful pollination event. Orchid plants were   101 
tagged where open flowers that had not been naturally pollinated or had their pollinia 
removed could be found.  These plants were left for up to five weeks before 
individuals were relocated and scored for fruit set. In species with multiple flowers per 
plant (in particular D.magnifica), immature or pollinated flowers were removed from 
the raceme at the time of initial tagging.   
 
Within each study population, replicate numbers of orchids (mirroring the numbers of 
plants utilised in the open pollination trials) were also hand pollinated to determine if 
pollen delivery was limiting fruit set.  Hand pollination involved the removal of 
pollinia from an open flower and placement on the viscid disc (stigma) of another 
open flower.  All hand pollination was carried out to ensure cross-pollination between 
plants.  Cross pollination could not be certain for clonal species such as C. flava and 
D. magnifica. 
 
4.2.3.  Orchid Presence and Flower Density 
Due to the highly scattered nature of some orchid species, sampling along randomly 
placed 10m x 50m transects was conducted.  Two transects per site were surveyed.  A 
census of orchids present at each site was taken and plant and flower density measured 
by counting the total number of individuals and the total number of flowers within 
transects. Floral and plant densities per hectare were calculated. 
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Table 4.1.  Characteristics of the orchids found across all study sites. 
 
1(Phillips et. al., 2009) 
2(Brown et al., 1997) 
3(Brown et. al., 2008) 
4(Tremblay et al., unpublished)  




Species  Clonal  Sexual 
deceit 
Food deceit  Reward  Pollinator 
Caladenia arenicola  -  +  -  -  Thynnine wasp
1 
Caladenia discoidea  -  +  -  -  Thynnine wasp
1 
Caladenia flava  +  -  +/? Hibbertia sp  -  Scarab beetle, hover fly
2 
Caladenia latifolia  +  -  +/?  -  Bee fly, hover fly, bees
1 
Disa  bracteata  -  -  -  -  Self 
3 
Diuris magnifica  +  -  + Daviesia sp, Bossiaea eriocarpa, 
Gompholobium tomentosum, Isotropis 
cuneifolia 
-  Bees 
3 
Elythranthera brunonis  -  -  +/?  -  Bees
2, 4 
Leporella fimbriata  +  +  -  -  Ants
5, 6 
Microtis media  +  -  -  + nectar  Small flies, ants, wasps 
3 
Pterostylis nana  +  -  -  -  Fungus gnats
3, 7 
Pterostylis recurva  -  -  -  -  Fungus gnats (nest site)
3, 7 
Pterostylis sanguinea  -  -  -  -  Fungus gnats (nest site)
3, 7 
Pyrorchis nigricans  +  -  -  + nectar  Bees 
2 
Thelymitra macrophylla  -  -  + Orthrosanthus laxus  -  Bees 
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 4.2.4.  Re-emergence of adults – the cost of flower production 
Orchid re-emergence in the season following initial flowering observations was 
recorded for tagged individuals at a subset of sites.  Re-emerging plants produced 
flowers in 2004 in the open and hand pollination trials.  Delineation on re-emergence 
was made between those individuals that had been hand pollinated and those left for 
open pollination in the preceding year to measure the cost of capsule production.  
These individuals were grouped into three categories; (i) those that re-emerged as 
leaves, (ii) as leaves and flowers, or (iii) those that did not re-emerge.  Evidence for 
lack of re-emergence occurred when the flower stalk of the previous year could be 
traced back beneath the litter layer and no leaf had emerged in the immediate vicinity. 
 
4.2.5.  Statistical analysis 
All data was analysed using STATISTICA v6 (Statsoft).  All datasets were tested for 
homogeneity of variance using Levene’s test for homogeneity.  Where assumptions 
were met, parametric ANOVA was utilised.  Significant differences were examined 
using post-hoc Tukey HSD.  Where data did not meet homogeneity of variance, 
Kruskal Wallis test (non-parametric alternative to ANOVA) was used.  Where 
significant differences were found Mann Whitney U-testing was applied.  Bonferroni 
post-hoc testing was not applied where non parametric testing was used. 
 
4.3.  RESULTS 
 
4.3.1.  Pollination success 
There was less variability in pollination success in both open and hand pollinated 
orchids in 2004 as compared to 2005 (Table 4.2. and Table 4.3.).  Generally fruit set 
for both hand and open pollination was higher for 2004 compared to 2005.  In the 
hand pollination trial, there was at least one site for each species where fruit were not 
produced.  The incidence of fruit not being produced as a result of hand pollination 
seemed to increase in 2005.  Fruit production from hand pollination for C. flava in 
2004 was variable with mean fruit set ranging between 0.95 and 0.16 (Table 4.2.).  
Caladenia flava was also the only species in 2004 to exhibit a higher fruit set for open 
pollination than hand pollination at one site (Cadogan).  Higher fruit set for open 
pollination in 2005 was recorded for C. flava and D. magnifica at sites of very good 
condition (Koondoola).    104 
Significant differences in fruit set were observed between hand and open pollination 
trials (p<0.05).  No significant differences were observed in fruit set between the 
2004/2005 hand pollination trials (p>0.05). There were also no significant differences 
observed in fruit set between the 2004/2005 open pollination trials (p>0.05).  In a 
comparison of fruit set between species for open and hand pollination trials, all 
species in the trial exhibited significantly higher fruit set in the hand pollination trials 
(p<0.05). 
 
There were significant differences between fruit set for species in the 2004 open 
pollination trial.  Caladenia flava had significantly higher fruit set than D. magnifica 
(p<0.001) Table 4.2.  No significant differences were found between the species in the 
2004 hand pollination trial.  In 2005 there were no significant differences between 
species for the open pollination trial.  However, in the 2005 hand pollination trial there 
were significant differences in fruit set between species.  Caladenia arenicola had 
significantly higher fruit set than D. magnifica and C. flava (p<0.05) Table 4.3. 
 
Significant differences were also found between sites when species data was pooled.  
In the 2004 hand pollination trial, Marangaroo was found to have significantly lower 
fruit set than Kings Park, Bold Park, Flynn Rd and Marangaroo (p<0.05).  Koondoola 
was also found to have significantly higher fruit set than Shenton Park and Montrose 
(p<0.05).  There were no significant differences between sites for hand pollination in 
2005 or open pollination in 2004 or 2005. 
 
In a direct comparison of fruit set across sites for hand and open pollination, C.flava 
and C.arenicola had significantly higher fruit set in the hand pollination trials at 
Marangaroo and Bold Park respectively.   
Table 4.2.  Mean proportion of fruit set across study sites from hand and open pollination treatments in 2004.  Sites are arranged in decreasing vegetation 
condition.  Values are means (± SE), N/A=plants not located at site for inclusion in pollination trial.  (orange = high fruit set, yellow = medium fruit set, 
green=low fruit set, blue = very low fruit set). 
 
Hand Pollination  Open Pollination 

























N/A  0.19 (±0.11) 
n=10 
0.18 (±0) n=10  0.05 (±0.01) 
n=30 






N/A  0.26 (±0.19) 
n=10 
0.50 (±0) n=10  0.08 (±0) 
n=20 






N/A  0.12 (±0.03) 
n=20 
0 (±0) n=10  0.06 (±0.06) 
n=10 
Paloma  N/A  0.45 (±0.28) 
n=20 




0 (±0) n=10 










0 (±0) n=20  0.08 (±0.04) 
n=20 
  Montrose  N/A  0 (±0) n=10  N/A  0.66 (±0) 
n=10 
N/A  0 (±0) n=10  N/A  0.09 (±0) 
n=10 
Good  Brian 
Burke 
N/A  0.87 (±0) 
n=10 
N/A  0.92 (±0) 
n=10 
N/A  0.15 (±0) 
n=10 
N/A  0.03 (±0) 
n=10 
  Warwick  N/A  N/A  0.87 (±0) n=10  0.75 (±0.15) 
n=20 
N/A  N/A  0 (±0) n=10  0.01 (±0.01) 
n=20 
  Cadogan  N/A  0.16 (±0) 
n=18 
N/A  0.66 (±0.29) 
n=20 
N/A  0.30 (±0) 
n=18 
N/A  0.05 (±0.02) 
n=20 
Poor  Shenton  0 (±0) n=10  0.40 (±0) 
n=10 
N/A  0.88 (±0) 
n=10 
0 (±0) n=10  0.20 (±0) 
n=10 
N/A  0.02 (±0) 
n=10 
  Bold Park  1 (±0) n=40  N/A  0.86 (±0.07) 
n=25 
1 (±0) n=10  0.48 (±0.19) 
n=40 
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Table 4.3.  Mean proportion of fruit set across study sites from hand and open pollination treatments in 2005.  Sites are arranged in decreasing 
vegetation condition.  Values are means (± SE), N/A=plants not located at site for inclusion in pollination trial.  (orange = high fruit set, yellow = 
medium fruit set, green=low fruit set, blue = very low fruit set. 
 
Hand Pollination  Open Pollination 














































Marangaroo  N/A  0.90 (±0.10) 
n=20 
1 (±0) n=10  0.83 (±0) 
n=10 
N/A  0.21 (±0.21) 
n=20 
0 (±0) n=10  0.43 (±0) 
n=10 





























Montrose  N/A  0 (±0) n=10  N/A  0.40 (±0.23) 
n=10 
N/A  0 (±0) n=10  N/A  0 (±0) n=10 
Brian Burke  N/A  0.33 (±0.33) 
n=10 
N/A  0 (±0)  N/A  0.12 (±0) 
n=10 
N/A  0 (±0) 
Warwick  N/A  N/A  1 (±0) n=10  0.80 (±0) 
n=20 







Cadogan  N/A  0.65 (±0.15) 
n=10 
1 (±0) n=10  0.48 (±0.24) 
n=20 




Shenton  1 (±0) n=10  0.40 (±0) 
n=10 
N/A  0 (±0) n=10  0 (±0) n=10  0 (±0) n=10  N/A  0 (±0) n=10 
Bold Park  0.70 (±0.04) 
n=40 













   107 
4.3.2.  Orchid and flower density 
Most orchid species exhibit a higher abundance at sites of poor condition (Table 4.4.).  
An exception to this trend was Bold Park.  Bold Park ranked consistently as the site in 
worst condition (Chapter 3), and it also displayed the lowest overall abundance and 
diversity of orchids.  Caladenia flava is the most abundant species at the majority of 
sites, in particular Warwick with 430 plants per ha (not shown).  Cadogan had the next 
most abundant species with a high density of D. magnifica at 350 plants per ha, which 
is unique to Cadogan (not shown).  Table 4.4 shows that E. brunonis and P. recurva 
had the highest plant and floral densities at sites of very good condition.  Pyrorchis 
nigricans was most abundant at sites of good condition, whilst D. magnifica, E. 
brunonis and P. sanguina had the highest floral densities at good condition sites.  All 
species apart from E. brunonis, P. sanguinea and P. nigricans exhibited highest plant 
densities at sites of poor condition.  It is important to note that the findings of Chapter 
3 are reflected in the high abundances of D. magnifica and M. media at poor condition 
sites. 
 
Table 4.4.   Plant and floral density of orchid species (expressed as plants/flowers 
per ha) at study sites in 2005.  (Yellow = greatest abundance in orchid plant density, 
green = greatest abundance in floral density. 
 
      Site Condition   
  Very Good  Good  Poor 












Caladenia flava  102.5  23.5  728  32.75  1284.8  62.8 
Diuris magnifica  28  23  6.5  42.5  94.8  24 
Microtis media  5  67  12.5  84.5  76.4  285 
Pyrorchis nigricans  105  0  472.5  0  10  0 
Non clonal species             
Caladenia arenicola  38  11  22  5.5  56.8  19 
Disa bracteata  0  0  2.5  7.5  20  64.8 
Elythranthera brunonis  52  1.5  40  6.5  8  0 
Pterostylis recurva  10  2.5  2.5  2  0  0 
Pterostylis sanguinea  133  5.2  185  74.75  258.8  3.6 
 
Classification of the species into reproductive traits (clonal or non-clonal, from Table 
4.1.) showed that there tended to be a higher abundance of clonal than non-clonal 
species at all sites (Table 4.4.).  Non-clonal species tended to have a higher abundance 
at poor and medium condition sites, whereas clonal species tended to be more 
abundant at good condition sites.  Caladenia arenicola is an exception in the non-  108 
clonal species with highest abundances found at poor condition sites.  Warwick and 
Cadogan had the highest densities of clonal species while Flynn Rd had a higher 
abundance of non-clonal species than any other site (site specific data not shown).   
 
Flower density (Table 4.4.) correlates closely to the pattern in plant density for the 
relevant species.  Diuris magnifica has the highest floral density at Cadogan with 350 
flowers.  Although C. flava exhibited the highest plant density at all sites it had the 
second highest floral density.  Floral density appears to be inversely related to open 
pollination success (Table 4.2. and Table 4.3.) for each year.  Caladenia flava had 
consistently high open pollination success at the good and very good condition sites, 
but occurs in its highest plant and floral density at the locations chosen in poor 
condition sites (Table 4.2. and Table 4.3.).  A linear regression between flowering 
density and the proportion of fruit set shows a significant inverse relationship (Figure 
4.1) (p<0.05).  A similar pattern is observed in D. magnifica which had consistently 
higher open pollination in Koondoola and Marangaroo (Table 4.3.) corresponding to 
the lowest plant and floral density recorded for the species.  A linear regression 
between the two variables of flowering density and fruit set for D. magnifica show a 
significant inverse relationship (Figure 4.2) (p<0.05).  Caladenia arenicola had 
variable open pollination success across sites and a linear regression between fruit set 
and flowering density shows a positive significant relationship between the two 
variables (Figure 4.3) (p<0.05). 
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Figure 4.1. Linear regression of flowering density and fruit set success for Caladenia 
flava showing a significant positive correlation (p<0.05, r=-0.38, n=28). 
 
 
Figure 4.2. Linear regression of flowering density and fruit set success for Diuris 
magnifica showing a significant positive correlation (p<0.05, r=-0.37, n=30). 
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Figure 4.3. Linear regression of flowering density and fruit set success for Caladenia 
arenicola showing a significant positive correlation (p<0.05, r=0.51, n=23). 
 
4.3.3.  Cost of flower production on adult re-emergence 
The apparent cost of flower and capsule production to subsequent growth and 
flowering differed between the study species.  Production of flowers and seed seemed 
to be most detrimental to C. latifolia and D. magnifica and least detrimental to C. 
flava.  Caladenia flava re-emerged most commonly with a ‘leaf and flower’ (35%), 
showing the lowest cost of flower production in the study (Figure 4.1.).  Caladenia 
arenicola, the only non-clonal species, showed the lowest cost of reproduction and re-
emerged most commonly as a ‘leaf’ (24%).  Re-emergent D. magnifica plants had an 
equal probability of forming a ‘leaf’ , or having both a ‘leaf and flower’ (Figure 4.1.).  
Caladenia latifolia formed a ‘leaf and flower’ in only 5% of the relocated plants 
(Figure 4.1.).   
 
There were significant differences in the costs of reproduction between D. magnifica, 
C. arenicola and C. latifolia.  The proportion of D. magnifica plants that did not re-
emerge (‘denoted as nothing in Figure 4.1.) was significantly higher than those re-
emerging as a leaf and flower (p<0.05).  There was no significant difference between 
emergence as a ‘leaf’ and ‘nothing’, or as a ‘leaf’ and a ‘leaf and flower’ in D. 
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magnifica.  The proportion of C. arenicola plants re-emerging as a ‘leaf’ was 
significantly higher than those not re-emerging (p<0.05).  There were no significant 
differences between ‘leaf’ and ‘leaf and flower’ re-emergence in C. arenicola.  
Proportions of C. latifolia plants that did not re-emerge was significantly higher than 
those plants that emerged as a ‘leaf and flower’ (p<0.05).  There was no significant 
difference between re-emergence as a ‘leaf’ and leaf and flower or between re-
emergence as a ‘leaf’ and ‘nothing in C. latifolia plants.  
 
 
Figure 4.1.    Plants re-emerging the year following a flowering event, expressed as 
a percentage of the total sampled population.  Values are means with SE bars. 
 
4.4.  DISCUSSION 
 
4.4.1.  Reproductive success 
Orchids typically have low seed set under natural conditions (Darwin, 1877; 
Ackerman, 1986; Neiland and Wilcock, 1988).  Seed set can be augmented by 
manually pollinating the flowers and compared to open pollination results in order to 
test resource or pollen limitation hypotheses (Zimmerman and Aide, 1989).  
Significantly higher fruit set for hand pollination trials as opposed to the natural 
pollination trials, seen in this study (Table 4.2 and Table 4.3) and this would suggest 
that the major limitation was a failure of pollen to reach the stigma.  This trend is 
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success in this study indicate there may be a limiting effect on fruit production in the 
orchids of bushland remnants.  Depression in plant fecundity is generally a result of 
either nutrient limitation (Ackerman et al., 2000) or pollen limitation (Bartareau, 
1995; Johnson and Bond, 1997), or more commonly, a mixture of both (Zimmerman 
and Aide, 1989; Ackerman and Montalvo, 1990).  Pollen limitation is determined if 
hand pollinations lead to a dramatic increase in fruit set when compared with naturally 
pollinated plants, which was observed in many, but not all cases here.  A failure to 
increase fruit set through hand pollination, as compared to natural pollination rates, is 
presumed to be the result of resource limitation (Zimmerman and Aide, 1989).  
However, other explanations cannot be eliminated, as it was not possible to eliminate 
flower age and condition as variables and the stigma and pollinia of orchid flowers 
were observed to adhere strongly in some cases, but more weakly in others. 
 
The occurrence of pollen limitation has been observed in other Australian orchid 
species (Neiland and Wilcocks, 1998; Elliott and Ladd, 2002), and is also observed in 
other parts of the world.  There have been a number of studies in South African 
fynbos plant species, an analogous Mediterranean-type ecosystem to that in Western 
Australia that suggest that pollen flow limitation is limiting fruiting success (Johnson 
and Bond, 1997; Ward and Johnson, 2005).   
 
Habitat reduction and internal fragmentation not only impact the plants of an area, but 
can also be detrimental to pollinator populations through reduction in pollinator 
numbers (Aizen and Feinsinger, 1994; Murren, 2002).  Depressed open pollination 
seen in the species of this study may be due to the fragmented nature of the urban 
bushland reserves.  Pollinators may require specific food or habitat resources that 
deteriorate or are absent in smaller reserves (Harris and Johnson, 2004).  It would be 
expected that pollen limitation resulting from lower pollinator numbers would be 
expressed most strongly in orchids with specialist pollinator requirements and would 
also occur most often in sites that are highly fragmented or isolated.  In this study C. 
arenicola is considered to be the pollinator specialist species (specific sexual 
deception) as opposed to D. magnifica and C. flava, which are all more generalist food 
deceptive species.  All species were demonstrated to experience pollen limitation 
across both years of the study.  Including site as a factor revealed site condition was 
not influencing pollen limitation as expected with C.arenicola showing significant   113 
pollen limitation at Bold Park and C. flava showing significant pollen limitation at 
Marangaroo.  Widespread pollen limitation in orchids is not unusual having been 
observed in previous studies (Neiland and Wilcocks, 1998; Elliott and Ladd 2002), 
however this is the first study to attempt to relate pollen limitation to site condition.  
Significant pollen limitation in the pollination specialist C.arenicola in a poor 
condition urban reserve suggests that site condition may play a role in augmenting 
natural pollen limitation in orchids.  A rewarding direction for future work could 
involve investigating the habitat requirements for these pollinators in order to 
determine whether they are affected by fragmentation.  
 
Results of this study also suggest that resource limitation within urban remnants may 
also be responsible for low seed set success, at least in some cases.  Although the 
majority of sites showed increased fruit production as a result of hand pollination, 
some sites showed a minimal or even negative increase relative to others.  Lower fruit 
set of C. flava in hand pollination trials at poor (Cadogan in 2004) and good (Kings 
Park in 2005) condition sites may be indicative of resource limitation within this 
species.  It would be expected that a site in poor health is more likely to have plants 
that express resource limitation.  It is likely that all species are experiencing a 
combination of pollen limitation and resource limitation, as was the case in previous 
studies (Zimmerman and Aide, 1989; Ackerman and Montalvo, 1990).  While 
resource limitation was not explicitly proven to be occurring in this study, it may be 
having a weak influence on fruit set at sites of poorer condition.   
 
It was not possible to confirm that site size, age or condition had a direct impact on 
seed set due to a high variability in open pollination between sites and between years 
regardless of site condition.  It is also prudent to consider the possibility of human 
error in adequately applying ‘crumbly’ pollen to the stigma to ensure a pollination 
event for smaller orchid species, such as C. flava. However, results of this study 
suggest that there is pollen limitation occurring within the sexually deceptive orchid 
C. arenicola in urban reserves.  Pollen limitation is also likely to be occurring to 
varying degrees in other orchid species in urban reserves.  Initial findings of this study 
also indicate resource limitation may be occurring in C. flava at some sites.  Further 
work is required to quantify the degree to which pollen and resource limitation is 
occurring between varying site conditions for all orchid species.     114 
 
4.4.2.  Flower and plant density 
The density of plants and flowers can control pollinator movements at the landscape 
level and result in variations in reproductive success, but depends upon the pollination 
strategy employed by the plant species (Ferdy et al., 1999). Orchids express a number 
of pollination strategies and it would be expected that the resulting density dependent 
interactions would vary.  There have been few studies that investigate the relationship 
between orchid floral density and reproductive success.  Some studies have found that 
increased floral display increases fruit production (Tremblay et al., unpublished), 
some found that intermediate floral densities promoted seed set (Firmage and Cole, 
1988), and others found no effect of floral densities (Peakall, 1989; Melendez, 
Ackerman and Ackerman, 2001; Gumbert and Kunze, 2001).  Density dependent 
interactions, either positive or negative, were most commonly observed in populations 
that relied on deceiving the pollinator with the false promise of a food or sexual 
reward (Tremblay et al., unpublished; Peakall, 1989; Gumbert and Kunze, 2001).  
 
In this study the flowering densities generally reflected the observed plant densities.  
Diuris magnifica had the highest flowering density due to the production of multiple 
flowers in racemes and clonal spread.  Interestingly, flowering densities were 
significantly inversely related to pollination success for this species.  Higher flowering 
densities for D. magnifica at poor condition sites (such as Cadogan) were correlated to 
relatively low pollination success.  It is possible that the lowered pollination success is 
density dependent, but site condition is a compounding factor.  Diuris magnifica relies 
on guild mimicry by mimicking vernal papilionoid legumes (Dafni and Bernhardt, 
1990).  Reproductive success is dependent on native generalist foragers and works at a 
high enough flowering density to attract pollinators to the area (Dafni and Bernhardt, 
1990; Ferdy et al., 1999).  A flowering density that is too high may result in ‘learned 
behaviour’ in foragers and a drop in pollination events as a result.  It is possible that 
the lowered reproductive success seen in D. magnifica at Cadogan is the result of 
‘learned behaviour’ due to the very high flowering densities observed in the plant 
colonies.  These results are similar to low seed set rates found by Elliott and Ladd 
(2002) for Diuris brumalis and Beardsell et. al. (1986) for Diuris maculata, two other 
Western Australian species. 
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Caladenia arenicola was the only species in this pollination study to show a 
significant positive correlation between fruit set and flowering density.  This non-
clonal species reproduces only by seed and produces at most three flowers per plant 
which contributes to the low flower density.  The reproductive strategy of C. 
arenicola is unique in this study.  Caladenia arenicola relies upon sexual deceit of 
thynnid wasps for pollination (Stoutamire, 1983).  Sexual deception typically requires 
lower flowering densities in order to get a successful pollination event from the 
pollinator whose home range includes the orchid (Jersakova et. al., 2006).  Thynnid 
wasps at sites with lower flower densities would not have had an opportunity to learn 
not to visit the deceptive C. arenicola plants.   
 
One study looking at the flowering density and reproductive success of the deceit 
pollinated E. brunonis showed that increased density of flowers would result in higher 
reproductive success (Tremblay et al., unpublished).  The two food deceptive species 
of the current study C. flava and D. magnifica showed an inverse relationship between 
orchid density and pollination success.  Further work is required to fully investigate 
the complexities of the different deceptive strategies employed by each of these orchid 
species and the implications for pollination success in differing floral densities. 
 
The reproductive strategies available to orchids also play a role in the niches they are 
able to exploit and this is displayed in the relative abundances of species at sites of 
varying condition.  Highlighting clonality provides insights into potential site/density 
interactions.  Sites of poor condition had the greatest abundances of clonal species.  It 
would be expected that those sites that have been fragmented for longer and 
consequently exposed to higher levels of disturbance would experience a reduction in 
pollinator abundance (Kearns et al., 1998).  Consequently, orchid species that rely on 
specific pollinators would be the first to suffer, particularly if they are lacking clonal 
spread.  Clonal species are more resilient and able to better buffer the effects of 
depressed pollination through vegetative reproduction, by surviving periods of lower 
pollinator abundance.  This study further supported the hypothesis for site condition 
determining the abundance of clonal species, as sites of very good condition had the 
highest density of non-clonal species.   
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The resilience of clonal species was reflected by the fact that clonal species were often 
found at higher densities within sites deemed to be of poor quality.  This suggests that 
clonal species are better able to persist through times of low pollinator abundance and 
may be able to exploit niches left by orchid species that recruit entirely by seed. Non-
clonal species are more reliant on successful pollination and the subsequent spread of 
seed to suitable habitats for colonisation.  While the results of this study was not able 
show statistically significant interactions between pollination success and site 
condition, weak trends in the effects of vegetation condition on orchid reproduction 
are apparent.  The majority of non-clonal species were restricted to sites of very good 
to good condition.  Non-clonal species are better adapted to sites of good condition as 
they require a greater degree of ecosystem function to support more specialised 
mycorrhizal and pollinator interactions.   
 
A key issue in the abundances of certain orchid species at sites of varying condition is 
that of site age.  Clonal species are more likely to be more resilient to the effects of 
site decline over long periods of time (such as, changes to fire frequency, internal 
fragmentation, altered hydrological regimes) than non-clonal species are.  Observed 
orchid densities at the various sites may be indicative of historic populations, and 
reflect the impacts of fragmentation and differing disturbance regimes.   
 
4.4.3.  Costs of flower production 
Producing flower and seeds within a season inevitably depletes energy and mineral 
nutrient reserves.  Orchids rely on a favourable growing season during which 
resources are allocated to supporting the replacement tuber, balanced by the need for 
sexual reproduction (Dixon, 1991).  In poor seasons where rainfall is low or highly 
erratic, the orchid may preferentially allocate resources to sustaining the parent plant 
rather than engaging in sexual reproduction (Ackerman and Montalvo, 1990).  What is 
clear is that without fail, herbaceous perennial terrestrial orchids with tubers must 
replace their parent tuber annually or face the prospect of plant death (Dixon, 1991).  
Increased pollination and flower production also comes at an ecological price, as 
elevated levels of recurrent flowering decreases subsequent growth and flowering in a 
number of orchid species (Ackerman and Montalvo, 1990; Bartareau, 1995).   
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In this study, the clonal species D. magnifica and C. latifolia showed the greatest 
apparent cost of floral display by having the highest proportion of plants not re-
emerging for 1 year.  Both species typically produce multiple flowers per plant with 
C. latifolia producing up to 5 and D. magnifica producing up to 8 flowers per raceme 
(Hoffman and Brown, 1998).  Studies into the costs of reproduction in orchids have 
typically occurred in tropical orchid species where multiple flowers are produced per 
plant.  One such study of Dendrobium monophyllum suggests that capsule production 
of more than 10% of the flowers would result in a detectable net change in 
reproductive behaviour of the plant in a subsequent season (Bartareau, 1995).  The 
very low re-emergence results and the low natural fruit production for C. latifolia and 
D. magnifica in 2004 would suggest that the costs of reproduction to these two species 
are borne out of flower production rather than seed production.   
 
An important consideration for the clonal species such as C. latifolia, D. magnifica 
and C. flava are that they can develop complex networks of tuber sheaths.  Caladenia 
flava, C. latifolia and D. magnifica are all clonal species.  It is possible that the 
‘individual’ identified is a ramet and the re-emergence data may not reflect costs to 
the genet.  The genet may have sent a tuber and flower above ground in a different 
location to the ramet tagged as flowering the previous year.  Not being able to 
successfully trace the costs of reproduction for the whole clone, the results for the 
clonal species should be taken as indicative rather than representative. 
 
Of further interest is the re-emergence response of the larger non-clonal spider orchid 
C. arenicola.  Unlike the other orchid species studied in reproductive cost 
experiments, C. arenicola generally produces one flower per plant.  Results from the 
re-emergence study showed that C.arenicola did not appear to be limited in its 
capacity to re-emerge following a flowering event.  In fact, for the sites utilised in the 
re-emergence study, C. arenicola had a high seed set rate for hand pollinated plants 
(above 85%), yet the majority of plants re-emerged as leaves, with leaves and 
inflorescence production not far behind.  While some studies have found no 
discernable cost of reproduction (Calvo, 1990), other studies have found costs only 
become apparent after repeated seasons (Ackerman and Montalvo, 1990; Melendez-
Ackerman, Ackerman and Rodriguez-Robles, 2000).  Sexual reproduction in some 
orchids is considered to be resource limited over a lifetime and when combined with   118 
pollinator limitations due to habitat loss, the long term survival of the species is called 
into question (Roberts, 2003).  The re-emergence response of C. arenicola recorded in 
this study would suggest that there is no discernable cost of reproduction in C. 
arenicola.  However, studies extending beyond one season would be necessary to 
further clarify the reproductive costs.  The potential long-term costs of reproduction 
coupled with the specific and highly derived pollination mechanism employed by 
orchids such as C. arenicola should be considered in future conservation efforts. 
 
The role of resource limitation (in terms of photosynthate , water and nutrients) as a 
primary determinant of reproductive success requires further investigation for 
Australian orchids.  To better understand the role of resource limitation on sexual 
reproductive success, other measures of plant growth and development such as size of 
fruits, shoot growth or output of floral display in years subsequent to capsule 
production would need to be made.  The high proportions of D. magnifica and C. 
latifolia that don’t re-emerge following a known flowering event may indicate 
resource limitation. In order to more firmly establish the presence of resource 
limitation in the species from this study, the effects of augmenting fruit production 
over subsequent years would be required.   
 
4.5.  CONCLUSIONS 
 
There have been many studies conducted outlining the pollination ecology of orchids 
using a single species.  This study provides an initial examination of the effects of 
fragmentation and site condition on the reproductive success of a group of co-
occurring orchids in Perth’s urban bushland remnants.  These orchids provide insights 
into the effects of fragmentation on a variety of pollination syndromes, reproductive 
mechanisms and population dynamics.  Although pollination success was not found to 
be statistically significant between vegetation condition categories, general trends in 
pollination response were observed, the most important of which suggests pollen 
limitation may be occurring in C. arenicola.   
 
It is likely that pollen limitation is present to varying degrees in all orchid species 
along the cline of site condition.  Isolation and further internal fragmentation of urban 
reserves is potentially disrupting pollinator services due to low pollinator numbers or   119 
competition between native and non-native pollinators for resources (Government of 
Western Australia. 2000; Stenhouse, 2003). Further long-term studies are required to 
confirm whether low fruit set in orchids is impacting upon the sustainability of 
populations in urban reserves.  Information on plant lifespans and recruitment rates is 
required in order to place seed set success in the greater context of orchid population 
ecology.  Understanding of the requirements of pollinators and the impacts that 
fragmentation have on sustainability of pollinator populations also needs to be 
quantified.  Future conservation efforts will rely on urban remnants providing the full 
range of ecological functions or they risk becoming ‘living relics’ (Saunders et al., 
1991) 
 
The low rates of pollination success observed in this study are supported by a number 
of other studies into orchid pollination (Beardsell et. al., 1986; Dafni and Calder, 
1987; Elliott and Ladd, 2002; Indsto et. al., 2006; and Tremblay et. al., 2007).  Further 
study is also required to establish whether the trends observed in this study are 
consistent across a larger number of sites and orchid populations.  One of the 
difficulties in this study was in locating suitably large orchid populations for a 
meaningful study.  The difficulty in locating populations of the same suite of orchids 
across the range of urban fragments used in this study not only has implications for 
pollination investigations, but in the use of orchids as an indicator species in general.   
 
Typically a mixture of pollen limitation and resource limitation act together to reduce 
fruit set success and lower plant fitness over time (Zimmerman and Aide, 1989; 
Ackerman and Montalvo, 1990).  Although pollen limitation appears to be in 
operation in this study, the evidence was scarce for resource limitation with 
potentially one species affected.  The use of plant functional traits in Chapter 3 
indicated that sites in poor condition may be depauperate of resources.  If poor 
condition sites have lowered productivity, it is not strongly expressed in the data from 
this reproduction study.  It is unlikely that trends in productivity being expressed as 
resource limitation could be observed in the short timeframe of this study.  Further 
study will need to be conducted to determine the presence and extent of resource 
limitation.  A limitation of resources is likely to be having a greater impact on prone 
species and certain sites.   
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This study investigates the potential costs of reproduction in some common terrestrial 
orchids and suggests that there are costs of reproduction in clonal species whose 
reproductive strategy is to produce a large number of flowers.  Conversely, there did 
not appear to be any detrimental costs of reproduction in non-clonal sexually 
reproducing species, in the short time frame of this study. 
 
In conserving areas of natural bushland, it is important to gain an understanding of the 
underlying relationships between population dynamics and reproductive success. 
Pollination plays a vital role in the function and sustainability of a diverse ecosystem 
and pollination success is one of many simple tools by which the ‘pulse’ of an 
ecosystem may be measured.  If the long term survival of sustainable populations in 
urban remnants is desirable, then the design and management of urban reserves will be 
required to take into account the provision of pollinator services to maintain a healthy 
ecosystem.    
 
 
   121 
Chapter Five 
Orchid Mycorrhizal Specificity and Abundance in Urban Bushland 
Fragments 
 
5.1.  INTRODUCTION 
 
Most orchids have an obligate relationship with mycorrhizal symbionts at the earliest 
developmental stage when the orchid is a nonphotosynthetic protocorm that is 
mycoheterotrophic (Rasmussen, 1995; Rasmussen and Whigham, 2002).  The 
dependency of different orchid species on fungi varies in degree, with some orchid 
seedlings becoming photosynthetic at a very early stage, and some orchids remaining 
non-photosynthetic and relying on mycorrhizal associations for nutrient and carbohydrate 
acquisition over their lifespan.  However, it is expected that the majority of adult 
terrestrial orchids remain dependant on mycorrhizal fungi for nutrition as adult plants 
(Rasmussen 1995). The variation in dependency is thought to reflect a progressive 
adaptation towards mycotrophy in an evolutionary sense (Rasmussen, 1995).  It is 
believed that it is this dependency on mycotrophic nutrition that has allowed orchids to 
adapt to a wide variety of habitats and become the largest Angiosperm family in the 
world with over 25,000 species (Raven et. al., 1999, Chase et al. 2003).   
 
Orchid seeds are unique in that they have greatly reduced embryos and most species do 
not have endosperm.  Food reserves are also greatly reduced in orchid seeds to oil 
droplets or starch granules within embryo cells (Rasmussen, 1995; Arditti and Ghani, 
2000).  Orchid seeds are very light with a large internal air spaces so are relatively 
buoyant in both air and water (Arditti and Ghani, 2000).  These unique characteristics 
enable orchids to occasionally disperse over large geographical distances, but the cost is a 
dependence on mycorrhizal associations to provide the necessary nutrition for growth 
(Benzing and Atwood, 1984; Arditti and Ghani, 2000).   
 
It is believed that most Australian orchids form a symbiotic mycorrhizal relationship with 
fungi from the form genus Rhizoctonia , which is a polyphyletic “alliance” of fungi with   122 
similar ecological and morphological characteristics (Warcup, 1981; Rasmussen, 2002; 
Rasmussen 1995).  Early studies suggested that specificity between Rhizoctonia species 
and orchids appears to be much higher in Australia than in other regions of the world 
(Warcup, 1981; Ramsay et al., 1986; Perkins et. al., 1995).  However, more recent studies 
involving molecular identification of fungi are suggesting that some Australian orchid 
species are symbiotic with a much wider diversity of fungi (Bonnardeaux et. al., 2007).  
The genus Rhizoctonia includes three separate clades, known as the Sebacineae, 
Tulasnellales and Ceratobasidiales, all of which contain species that readily form 
mycorrhizal associations with orchids (Brundrett, 2006; Roberts, 1999).  It is believed 
that the fungi associated with orchids survive in the soil in a saprophytic phase, and form 
sclerotia during times of drought, infecting orchid hosts at the beginning of the orchid 
growth season in seasonally dry climates (Dixon, 1991; Perkins and McGee, 1995).  
Rhizoctonia alliance fungi have been found to be widely distributed with roles as 
pathogens, saprophytes as well as forming mycorrhizal associations with orchids or 
woody plants (Warcup, 1981; Ramsay et. al., 1986; Brundrett, 1996; Sivasithamparam, 
1998; Roberts, 1999; Kottke et. al., 2003).   
 
While the mechanisms of infection and specificity are known through laboratory 
observations, less is known of the role and specificity of orchid mycorrhizal associations 
in situ.  There are a number of difficulties in studying mycorrhizal associations with 
orchids in situ.  The „dust like‟ properties of orchid seeds make them very difficult to 
track and follow through their development in the natural environment, particularly when 
the underground protocorm phase of an orchid may last for several years (Rasmussen and 
Whigham, 1998; Arditti and Ghani, 2000).  Prevailing climatic conditions that influence 
the activity of mycorrhiza within the soil profile have also made in situ studies difficult.   
 
Methods have been developed to overcome the problems associated with studying orchid-
mycorrhiza interactions in the field.  The technique involves placing orchid seeds in a 
gauze packet and allows the placement and retrieval of orchid seeds in the field over a 
growing season to determine the presence of fungi capable of supporting germination 
(Rasmussen and Whigham, 1993, 1998; Masuhara and Katsuya, 1994; Perkins and 
McGee, 1995; Batty et al., 2000; McKendrick et al., 2000; Batty et al., 2001; Brundrett et   123 
al., 2003).  These methods allow the investigation of the „ecological specificity‟, defined 
as the role the orchid-mycorrhiza relationship plays in defining orchid habitats in the field 
as opposed to association occurring under laboratory conditions, deemed the „potential 
specificity‟ (Masuhara and Katsuya, 1994).  It has been found that some orchids have a 
higher specificity of mycorrhizal partners in the field than under laboratory conditions 
(Masuhara and Katsuya, 1994; Perkins and McGee, 1995).  Using ex situ and in situ 
baiting methods provides the opportunity to observe symbiotic germination under 
conditions that are closer to natural systems.   
 
„Ecological specificity‟ is of particular interest in threatened habitats where disturbances 
may be impacting on the orchid-mycorrhizal relationship, little work has been completed 
to date on the effects of disturbance on orchid-mycorrhizal diversity (Batty et. al., 2001; 
Collins et. al., 2007).  There have been studies conducted on the role of disturbance in 
influencing other mycorrhizal associations, such as arbuscular mycorrhizal fungi (AMF) 
(Johnson et. al., 1991; Hutton et. al., 1997).  The study by Johnson et. al. (1991), into the 
role of disturbance on AMF in a temperate climate found that diversity tended to increase 
in association with successional stage and increased vegetation diversity with time 
following disturbance.  Similar responses to disturbance were seen in ericoid endophytes 
of varying successional stages, where it took up to twelve years for inoculum potential to 
equal undisturbed sites (Hutton et. al., 1997).  Collins et. al. (2007) investigated the re-
colonisation of mining rehabilitation areas by orchid mycorrhizal fungi and found 
variable responses in recolonisation.  The full complement of orchid species did not 
return to areas of disturbance despite prolonged time since the disturbance event (up to 26 
years), indicating a two-fold effect of disturbance created by disruption of existing hyphal 
networks and the inability of orchid seed to reach areas of mycorrhizal activity.   
 
This study investigates the abundance and diversity of orchid mycorrhizal fungi within 
urban bushland reserves as a basis for understanding the role of mycorrhiza in limiting 
orchid distribution and abundance in relation to anthropogenically related ecological 
disturbance.  Bioassays using seed from seven orchid species common to Perth‟s urban 
reserves were utilised to determine the following:   124 
  Baseline on the presence and absence of mycorrhizal fungi associated with 
common orchid species in urban remnants. 
  If site condition influences the abundance of potential niches for orchid 
recruitment. 
  How site condition influences orchid mycorrhizal abundance and distribution. 
  How site condition influences fungal patch size surrounding adult plants. 
 
5.2.  METHODS 
 
The orchid taxa used in this study are common to Perth‟s urban bushland and are related 
to other rare and endangered Western Australian orchid species.  The orchid species used 
were Diuris magnifica, Caladenia arenicola, Caladenia latifolia, Caladenia flava, 
Pterostylis sanguinea, Elythranthera brunonis and Microtis media.  Orchid seeds used in 
the in situ and ex situ baiting experiments were sourced from cross-pollinated adults 
located at all study sites and seed was pooled to eliminate provenance issues.  
 
5.2.1.  Ex situ Baiting 
Soil was collected along transects at eleven bushland reserves located on the Swan 
Coastal Plain.  Samples were collected along 50m transects at 5m intervals (two transects 
per site).  Where bushland sites were too small to accommodate 50m transects, multiple 
shorter 25m transects were used.  Soil was collected during the summer dry season when 
orchid plants are dormant.  Mycorrhizal fungus hyphal activity was expected to be at its 
lowest during the summer so disturbance of hyphal networks within the soil profile would 
be minimized by sampling at this time.  The leaf litter layer and uppermost soil layer (0-
10cm depth) were collected from a patch approximately 20cm square at each sample 
point for the ex situ baits. 
 
The soil samples were fractionated by dry sieving through a 2.4mm sieve to produce a 
coarse organic matter (OM) and a finer sand fraction.  The finer sand fraction and OM 
fraction were weighed to determine the proportion of organic matter present at the sample 
site.  Only the coarse OM fraction, was used to make up the ex situ baits.  
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Assembly of the ex situ baits follows the methods of Brundrett et al. (2003).  The coarse 
OM fraction was packed into a 100mm square Petri dish to halfway and covered with a 
2mm layer of sterile fine white sand.  A layer of nylon mesh (90 µm) was placed over the 
soil and the plate wet to saturation and left for 24 hours to absorb, before excess water 
was drained.   
 
Seven orchid species listed above were included in the ex situ baiting experiment.  Orchid 
seeds were sprinkled over 9x9mm squares of Millipore filters.  Uniform spread of seeds 
was achieved by dusting seeds from a small paintbrush over all the Millipore squares for 
each orchid species.  These squares were then arranged in rows on the ex situ bait dishes 
with two replicates per orchid species on each plate (Figure 5.1).  Plates were incubated 
in the dark at 21
oC and checked weekly to ensure they remained damp.  Seeds were 
scored for germination stages under a dissecting microscope after 12 weeks.  Five seed 
germination stages were recognized (imbibition, split seed, protocorm with trichomes, 

















Figure 5.1.  Germination stages of orchid seed (adapted from Ramsay et al. (1986) and 
Batty et al. (2001).  Drawings by B. Newman. 
 
5.2.2.  In situ Baiting 
In situ baiting using a number of different orchid species simultaneously was carried out 
using the method outlined by Brundrett et al. (2003).  Nylon mesh (90 µm) was heat 
sealed to make multiple compartment packets that retained the orchid seeds and allowed 
fungal growth (Plate 5.2).  Minimal amounts of seed (approximately 20-40 seeds) were 
placed into the species corresponding compartment.  The top edge of the baits was heat 
sealed and a length of flagging tape affixed to one edge of the bait to aid retrieval from 
the field. 
 
The in situ seed baiting component of this study was conducted in two parts.  One 
component involved in situ baits being placed at the same points along the transects as 
those used for the ex situ baiting.  All seven species used in the ex situ trial were used in 
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The other component of the in situ baiting trial involved placing seed baits at intervals 
from known adult plant locations.  Baits were placed at intervals of 5cm, 25cm, 50cm and 
in an area where no orchid was found within a 5m radius.  The trial used five species of 
orchid seed in the bait; C. arenicola, P. sanguinea, C. flava, E. brunonis and M. media.  
The adult species used in the trial were; C. arenicola, P. sanguinea, C. flava and E. 
brunonis.   
 
Seed baits were positioned vertically in the soil along the transects at an approximate 
depth of 4cm.  All seed baits were buried at the beginning of the wet season and 
supplementary watering was conducted for the first two weeks of burial (at a rate of 
500mL of water per bait at the time of burial, repeated twice per week).  Seed baits were 
removed late in the growing season.  Recovered seed baits were kept moist between wet 
paper towels and refrigerated for up to 3 days prior to being scored  Germination was 
scored in accordance with the methods used in the ex situ trial.  
 
 
Plate 5.2.  Example of in situ bait used in trial. 
 
5.2.3.  Statistical analysis 
All data was analysed using STATISTICA v6 (Statsoft).  All datasets were tested for 
homogeneity of variance using Levene‟s test for homogeneity (Levene, 1960).  Where 
assumptions were met, parametric ANOVA was utilized (Zar, 1999).  Significant 
differences were examined using post-hoc Tukey HSD (Zar, 1999).  Where data did not   128 
meet homogeneity of variance, Kruskal Wallis test (non-parametric alternative to 
ANOVA) was used.  Where significant differences were found Mann Whitney U-testing 
was applied (Zar, 1999).   
 
5.3.  RESULTS 
 
5.3.1.  Ex situ Mycorrhizal Abundance Baiting Trial 
Results of the ex situ baiting trial reveal differences in the proportion of seeds reaching 
stage 3 germination and above, between species and also between sites.  Microtis media 
and C. flava appeared to be unaffected by site condition, germinating at ten of the eleven 
study sites.  These two species were closely followed by D. magnifica and E. brunonis 
germinating at eight and seven of the study sites.  Pterostylis sanguinea and C. latifolia 
had the most infrequent germination results, with germination being recorded at three and 
four sites respectively (Table 5.1.).  
 
Almost all species were found to have statistically significant different germination.  The 
only species that were not significantly different from each other were C. latifolia and P. 
sanguinea, C. latifolia and E. brunonis, P. sanguinea and E. brunonis, D. magnifica and 
C. arenicola and C. flava and C. arenicola (p>0.05).   
 
The highest proportion of germinating seed recorded is M. media at Montrose Park with 
79%, significantly higher than other results (p<0.05) (Table 5.1.).  The OM proportion for 
Montrose Park was low relative to the other sites (Figure 5.2.).  Germination results for 
M. media were significantly higher than the other orchid species across all sites (p<0.05).  
Germination results for the other species tended to be variable among sites.  The highest 
germination recorded for Elythranthera brunonis and C. latifolia was at sites of good 
condition.  Highest germination results for Pterostylis sanguinea, C. flava and M. media 
were recorded at sites of medium condition and C. arenicola and D. magnifica had the 
highest germination at sites of poor condition (Table 5.1).  However, germination was not 
significantly different between site condition categories (p>0.05). 
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Germination of seed on the ex situ baits appears to be correlated with the abundance of 
orchids at the site.  Four out of the seven orchids included in the ex situ study exhibited     
Table 5.1.   Ex situ baiting results for protocorms stage 3 and above (% germinated) by site (SE in brackets).  Site condition 
categories obtained from Chapter 2.  (* indicates where species was recorded in highest abundance) (orange = high 
germination (100-66%), yellow = medium germination (33-66%), green = low germination (0-33%)).  (n=40 per site) 


















0.4 (±0.2)  1 (±0.7)  0.1 (±0.1)  0 (±0)  0 (±0)  0 (±0)  18.3 (±4.7) 
Flynn Rd  0 (±0)  1.6 (±0.5)  0 (±0)  0 (±0)  0.5 (±0.02)  1.2 (±0)*  0 (±0) 
Marangaroo  0.2 (±0.1)  0 (±0)  0 (±0)  0 (±0)  1.2 (±1)  0 (±0)  31 (±3.5) 
Paloma  0.1 (±0.1)  0 (±0)  0 (±0)  0 (±0)  1 (±1)  0 (±0)  5.9 (±3.8) 




1 (±0.5)  0.2 (±0.1)  0 (±0)  0 (±0)  0.6 (±0.2)  0 (±0)  0.6 (±0.5) 
Montrose  0 (±0)  1 (±1)  0 (±0)  0 (±0)  1.5 (±0.9)  0 (±0)  79 (±4) 
Brian 
Burke 
0.1 (±0.1)  0 (±0)  0 (±0)  0.7 (±0.4)*  5 (±2.4)  0 (±0)  46 (±7) 
Warwick  0.13 
(±0.09) 
0 (±0)  0 (±0)  0 (±0)  1.4 (±0.6)*  0 (±0)  4.5 (±1) 
Cadogan   
 
Poor 
3 (±2)*  0 (±0)  0 (±0)  0 (±0)  0 (±0)  0 (±0)  47 (±8.2) 
Shenton  0 (±0)  0 (±0)  0 (±0)  0.2 (±0.2)  0.5 (±0.2)  0 (±0)  1 (±0.5)* 
Bold Park  0 (±0)  2 (±0.5)*  0(±0)*  0 (±0)  0 (±0)  0 (±0)  0.6 (±0.4) 
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highest germination on soil from sites where the highest abundance of orchids was 
recorded (Table 5.1).  These species included D. magnifica, C. arenicola, P. sanguinea 
and E. brunonis.  The results show that orchid abundance at sites has a greater influence 
than the OM proportion on the proportion of seeds germinating.  The OM proportion does 
not vary greatly between sites (Figure 5.2.). 
 
Figure 5.2.  Graph showing the coarse organic matter in soils for the study sites. 
 
There were a number of significant differences in germination of all species between 
sites.  Koondoola had significantly lower germination results than Marangaroo, Montrose 
and Brian Burke; and significantly higher germination results than Warwick and Shenton 
Park (p<0.05).  Marangaroo had significantly higher germination than Paloma Park, 
Shenton and Bold Park (p<0.05).  Paloma and Kings Park had significantly lower 
germination than Montrose, Brian Burke and Cadogan.  Montrose and Brian Burke had 
significantly higher germination results than Shenton and Bold Park.  Warwick had 
significantly lower germination than Cadogan, which was significantly higher than Bold 
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the high germination results for M. media across all sites.  The only exceptions were at 
Bold Park, where germination of C. arenicola was higher, higher germination of D. 
magnifica at Kings Park and E. brunonis at Flynn Rd (Table 5.1.).  
 
5.3.2.  Ex situ – In situ Mycorrhizal Abundance Baiting Comparison 
Very low to zero germination was recorded at most sites for the in situ baiting trial (data 
not presented here).  Consequently a comparison has been made between the available in 
situ results for condition categories and the respective ex situ results (Table 5.2).  
 
Generally there was agreement between the ex situ and in situ germination results for 
condition categories.  Only rarely was germination recorded using one method and not the 
other.  The greatest fungal activity was recorded in ex situ baits for C. arenicola, C. flava, 
E. brunonis and M. media.  However, D. magnifica, C. latifolia and P. sanguinea all had 
greater germination in the in situ baits (Table 5.2).  A Kruskall Wallis ANOVA revealed 
there were no significant differences between ex situ and in situ germination results. 
 
There were significant differences in germination between baits placed in poor condition 
sites and very good condition sites (p<0.05).  Baits placed in very good condition sites 
had higher germination than poor condition sites. 
  
Table 5.2.  Comparison of in situ and ex situ baiting results for protocorms stage 3 and above (%germinated) for vegetation 


















Condition  E  I  E  I  E  I  E  I  E  I  E  I  E  I 
Very 
Good 












0 (±0)  0 (±0) 




0 (±0)  0.3 
(±0) 
0 (±0)  0.12 
(±0) 




0 (±0)  0 (±0)  4.5 
(±1) 
0 (±0) 




0 (±0)  0.5 
(±0.3) 
0 (±0)  0 (±0)  0 (±0)  0.2 
(±0.1) 
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5.3.3.  In situ Distance Baiting Trial 
The in situ distance baiting trial revealed fungal presence was often higher in close 
proximity to adult plants.  Table 5.3 shows that germination of C. arenicola, P. sanguinea 
and E. brunonis was highest within 25cm of an adult orchid.  Caladenia flava and M. 
media expressed highest germination at a distance of 50cm from adult orchids.  However 
this trend was not statistically significant. 
 
Comparison of germination results against the proximity of a known orchid species reveal 
potential in situ specificity may have been occurring.  This seems to be the case with C. 
arenicola and E. brunonis which had the highest germination within 25cm of their 
respective adult plants.  However, Caladenia arenicola also germinated in the proximity 
to P. sanguinea and C. flava adults, although not as strongly and Elythranthera brunonis 
also germinated in the presence of C. arenicola.  For the other species, P. sanguinea had 
the highest germination result in close proximity to C. arenicola (25cm), and did not 
germinate in the presence of any other orchid species.  C. flava and M. media were the 
only species to record highest germination results at a distance of 5m from any other 
orchid plants, although C. flava germination was relatively high at 5-50cm distance from 
E. brunonis plants.  Germination results for M. media were highest at 50cm-5m distance 
from P. sanguinea plants (Table 5.3).   
  
Table 5.3.  Results of in situ baiting at distances from adult plant populations for protocorms stage 3 and above 
(%germinated) pooled for all sites. 
    Seed germinating (% germinated stage 3 and above) 
















5cm  9.2 (±4.6)  0 (±0)  0 (±0)  0.1 (±0.1)  0.4 (±0.4) 
25cm  12.2 (±6.2)  0.1 (±0.1)  0.3 (±0.3)  0.1 (±0.1)  0 (±0) 
50cm  3.3 (±1.6)  0 (±0)  0 (±0)  0 (±0)  0 (±0) 




5cm  4.5 (±3.1)  0 (±0)  0 (±0)  0 (±0)  0 (±0) 
25cm  1 (±1)  0 (±0)  0 (±0)  0 (±0)  0 (±0) 
50cm  3 (±2.4)  0 (±0)  0 (±0)  0 (±0)  2.6 (±2.6) 
5m  0.3 (±0.3)  0 (±0)  3.7 (±3)  0 (±0)  1 (±0.7) 
 
Caladenia flava 
5cm  2.8 (±2.8)  0 (±0)  1.7 (±1.4)  0 (±0)  0.1 (±0.1) 
25cm  0 (±0)  0 (±0)  0 (±0)  0 (±0)  0 (±0) 
50cm  0 (±0)  0 (±0)  0.1 (±0.1)  0 (±0)  0 (±0) 




5cm  0 (±0)  0 (±0)  3.3 (±2.2)  1.3 (±1.3)  0 (±0) 
25cm  0.1 (±0.1)  0 (±0)  4 (±3.9)  1.7 (±1.7)  0 (±0) 
50cm  0 (±0)  0 (±0)  4 (±4)  1.3 (±1.3)  0 (±0) 
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Germination among the chosen orchid species showed a distinct response to site condition 
(Table 5.4).  Caladenia arenicola, C. flava and E. brunonis all exhibited the highest 
germination results at sites of very good vegetation condition (Table 5.4).  Pterostylis 
sanguinea only germinated at sites of poor condition.  Overall, there was significantly 
higher germination at the poor condition sites as compared to the good condition sites for 
all species and all distances (p<0.05).  Germination was also significantly higher at the 
sites of very good condition as compared to the good condition sites (p<0.05). 
 
Site condition appeared to influence the distance from adults at which optimal 
germination occurred in C. flava.  In sites of very good condition and good condition, 
optimal germination occurred at 5cm from adult plants.  In poor condition sites, optimal 
germination occurred at 50cm from adult plants (Table 5.4).     137 
Table 5.4.   Comparison of in situ germination (% germination stage 3 and above) for 
orchid seed placed at distance from the corresponding adult plant.  (orange = high 
germination, yellow = medium germination, green = low germination) 
 












5cm  19.6 
(±11.5) 
0 (±0)  0.9 (±0.8)  3.9 (±3.9) 
25cm  36.4 (±5.1)  0 (±0)  0 (±0)  5.1 (±5.1) 
50cm  7.1 (±3.56)  0 (±0)  0 (±0)  3.9 (±3.9) 
5m  0 (±0)  0 (±0)  0 (±0)  0 (±0) 
Good  5cm  1.1 (±1.1)  0 (±0)  1.4 (±1.4)  0 (±0) 
25cm  0 (±0)  0 (±0)  0 (±0)  0 (±0) 
50cm  0.1 (±0.1)  0 (±0)  0 (±0)  0 (±0) 
5m  0 (±0)  0 (±0)  0 (±0)  0 (±0) 
Poor  5cm  7.6 (±6.4)  0 (±0)  0 (±0)  0 (±0) 
25cm  0.3 (±0.3)  0.1 (±0.1)  0 (±0)  0 (±0) 
50cm  2.6 (±2.3)  0 (±0)  0.2 (±0.2)  0 (±0) 
5m  2.7 (±2.7)  0 (±0)  0 (±0)  0 (±0) 
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5.4.  DISCUSSION 
 
Variability was observed among species, and the question that must be asked is whether 
the low germination observed is site/species specific and whether these sampling 
techniques are a suitable means of assessing mycorrhizal presence and abundance in sites 
subject to disturbance.  Other studies in urban fragments and disturbed areas have shown 
similarly low germination results and patchy fungal distribution using the ex situ and in 
situ baiting methods utilized in this study (Batty et. al., 2001; Hollick, 2004; Collins et. 
al., 2007).  The consensus among studies in disturbed and undisturbed areas revealing 
orchid mycorrhizal fungi to have a patchy distribution, would suggest that the low 
germination observed in this study is a reflection of fungal distribution rather than an 
inadequate sampling technique. 
  
Consistently high germination results in the ex situ baiting trial across sites, particularly 
for M. media and C. flava, that are not reflected in the in situ baiting results, suggest some 
of the observed variability is likely to be an artifact of  experimental conditions.  The 
process of ex situ baiting involves a large degree of disturbance to the soil profile, sifting 
of the soil to produce the baits also breaks up the organic matter content.  Ex situ baits are 
then kept at constant temperature, without light, and under permanently moist conditions.  
While these conditions may be ideal for orchid mycorrhizal growth, the extrapolation of 
germination data to the prevailing conditions in the field is questionable and requires 
careful interpretation. 
 
The effect of disturbing the soil profile and sifting of organic matter to produce ex situ 
baits would create a more homogenous soil environment in terms of distribution of 
nutrients and density of substrate.  The addition of moisture to the substrate in ex situ 
baits introduces variables not readily found in situ.  Studies into the effects of soil 
disturbance on mycorrhizal activity have provided mixed results. A number of studies 
have found that soil disturbance can promote soil microbial activity due to the 
introduction of fresh organic matter to the soil profile supporting mycorrhizal activity 
(Garrett, 1951, 1963; Alexander, 1964; Fontaine et al., 2003).  A similar ex situ baiting 
trial by Hollick (2004) showed similar heightened germination results as compared to in   139 
situ baiting.  The high germination observed in species such as M. media, C. arenicola, C. 
flava and E. brunonis (Tables 5.1 and 5.2) in ex situ baits in this study would suggest that 
some species of orchid mycorrhiza may be responding positively to physical disturbance 
of the soil profile.  
 
Site condition had a significant impact on germination rates among orchid species, with 
significant differences in germination between sites of very good condition and poor 
condition.  Germination was significantly higher for C. flava and E. brunonis at sites of 
very good condition as opposed to sites of poor condition.  Microtis media exhibited an 
opposite effect of site condition with significantly higher germination at poor condition 
sites.  Germination of M. media in urban reserves (and so the presence of a fungi 
supporting M. media) also appeared to be less „patchy‟ than other orchid species, often 
with germination occurring along the lengths of transects.  These results were consistent 
between the ex situ and in situ comparison trial and the larger ex situ abundance baiting 
trial.  Widespread germination of M. media has also been recorded by Brundrett et. al. 
(2003) in one of the study sites utilized in the current study (Bold Park).  These results 
would suggest that the fungi utilized by M. media are better able to buffer the disturbance 
regimes associated with sites of poor condition.  Bonnardeaux et. al. (2007) showed that 
M. media was compatible with a diverse range of fungi, including the globally 
widespread fungi Epulorhiza.  Compatability with a globally widespread fungus would 
explain the high and consistent levels of germination seen across sites, especially in 
disturbed sites where other fungal species may not be able to persist.   
 
One study in the Western Australian heath vegetation showed that inoculum potential of 
ericoid endophytes in the soil dropped immediately following disturbances, most likely 
attributable to the disruption of the hyphal network (Hutton et al., 1997).  Mycorrhizal 
fungi that associate with members of the Ericaceae are more closely allied with orchid 
mycorrhizal fungi than the arbuscular mycorrhizal fungi that dominate agricultural 
systems.  While there have been few studies to date that look specifically at the effects of 
soil disturbance on orchid mycorrhiza, this study would suggest there is some effect of 
site condition on mycorrhizal activity (Batty et. al., 2001; Collins et. al., 2007).  The   140 
question is; what aspect of site condition is influencing mycorrhizal activity?  Soil 
disturbance and nutrient enrichment are obvious starting points and further work is 
required to quantify the relationship between mycorrhizal activity and site condition. 
 
Study of fungal abundance and activity in situ is an ideal way to obtain information on the 
effects of environmental variables and the extent of ecological niches.  The in situ 
component of this study was primarily concerned with the cline of fungal distribution 
from an adult orchid population and the effects of overall site condition on the extent of 
mycorrhizal distribution.  Although there was no significant relationship found between 
distance from adult plants and germination, some general trends were apparent.  
Caladenia arenicola and E. brunonis were the only two species to exhibit high 
germination in close proximity to the corresponding adult plants, relative to other species 
(Table 5.3).  Caladenia arenicola was the only non-clonal species in this trial with a high 
known mycorrhizal specificity with a Sebacina like fungus (Warcup, 1971; Swarts et al., 
2007).  It is likely that the closely related E. brunonis shares a similar highly specific 
relationship with a Sebacina like fungi, although this is yet to be investigated.  This study 
supports previous findings (Batty et. al., 2001; Hollick et. al., 2007) that C. arenicola 
germination is enhanced with close proximity to an adult population.  While unoccupied 
niches have been found to exist in situ (McKendrick et al., 2000) and even for C. 
arenicola in bushland reserves (Batty et al., 2001), no potential niches were located for 
these two species during the course of this current study.   
 
In a similar study on another orchid with a highly specific relationship with a Sebacina -
like fungus, Neottia nidus-avis, the highest in situ germination results were located in 
close proximity to the adult plants and very infrequently or completely absent at a 
distance of at least 5m from adults (McKendrick et al., 2001).  The results would suggest, 
as with Neottia nidus-avis, that C. arenicola and E. brunonis mycorrhizal fungi patches 
are not extensive beyond the adult population.   
 
Site condition appeared to have some impact on the germination of orchid seed in close 
proximity to adults for C. arenicola and E. brunonis.  Both species recorded significantly 
higher germination results at sites of very good condition, although proximity to adults   141 
was not significant in influencing germination (Table 5.4).  Sporadic germination of 
orchid seed in these baiting trials resulted in very small sample sizes, which are too small 
to accurately determine the effect of distance to adult plants.  Further studies would be 
required to determine whether distance from adult plants has an effect on germination.   
 
During the in situ distance trial, P. sanguinea seed showed very low rates of germination, 
germinating only in the presence of C. arenicola (Table 5.3.).  The P. sanguinea seed had 
been used in the germination of seedlings for the outplanting trial (Chapter6), so the seed 
is known to be viable.  It is unclear as to why only seeds of P. sanguinea exhibited such 
low germination in the field, although the very low results support the findings of 
Brundrett et. al. (2001).  It is possible that seed may have dried out after burial and thus 
not had the opportunity for infection.   
 
The results contrast starkly with another study of the related Pterostylis acuminata 
(Perkins and McGee, 1995).  The fungi utilized by P. acuminata was found to be widely 
distributed, but in higher abundance in closer proximity to the adult orchid host (Perkins 
and McGee, 1995).  Results of the study suggested that the clonal nature of P. acuminata 
may play a role in the increased abundance of the fungi close to the adult hosts, a theory 
originally purported by Dixon (1991).  While P. sanguinea is not a clonal species, the 
effects of an existing adult population providing a source of infection should not be 
discounted.  It is possible that the adult populations of P. sanguinea were not of a 
sufficient size to support a hyphal network that could be baited for successfully. 
 
Germination results for one of the clonal species of this study would appear to support the 
hypothesis for co-distribution of established plants and mycorrhizal fungi (Clements, 
1988; Dixon, 1991; Perkins and McGee, 1995).  The highest germination of C. flava seed 
was observed within 5cm of the adult C. flava plants (Table 5.3 and 5.4).  Given that 
germination was not found to occur at 25cm (Table 5.3 and 5.4), it would suggest that the 
influence of an adult population on the extent of the hyphal network is not extensive.  
Further research on the influence of adult plant presence and density and the impacts of 
site condition needs to be conducted as in this current study the effect of distance was not 
found to be significant.   142 
 
Different species of orchid fungi appear to be occurring in close proximity to adult orchid 
plants within orchid populations.  This is best seen in the relatively high germination of 
C. arenicola seed in close proximity to P. sanguinea adults (Table 5.3).  Germination 
rates are highest at 5cm from the P. sanguinea adults and drop off with increasing 
distance.  Caladenia flava was also found to be able to germinate within close proximity 
of all the adult orchid species utilized in this study.  Without identifying the mycorrhizal 
fungi utilized by the germinating seed (either through reciprocal germination bioassays or 
molecular means, both of which were outside the scope of this study) it is difficult to 
draw conclusions on the diversity of fungal species found at sites.  It is possible that there 
as yet unknown competitive relationships between orchid seed and fungi that is driving a 
mosaic patchwork of fungi in close proximity to adult orchid populations.  Such a 
scenario has implications for translocation efforts that attempt to reintroduce plants and 
inoculum together (Batty et. al., 2006). 
 
5.5.  CONCLUSIONS 
 
This study attempted to determine the ecological niches of orchids within urban bushland 
fragments and outcomes to ecological integrity (condition) of the bushland habitats 
chosen.  The results of ex situ baiting trial suggested that while mycorrhizal distribution 
was patchy within a reserve, its presence would suggest unoccupied niches exist capable 
of supporting orchid germination.  Comparisons between ex situ and in situ experimental 
results revealed no significant differences in the levels of germination observed between 
the methods for the same sites.  Thus for this current study all methods were comparable.  
 
Germination results from the ex situ baiting trial and the ex situ/in situ baiting trial 
supported the notion that site condition plays an important role in determining 
germination at site, and thus influences mycorrhizal abundance.  Germination results of 
M. media suggested a significant relationship between poor site condition and increased 
abundance of its associated mycorrhizal symbiont.  Germination of C. flava and E. 
brunonis suggested a significant relationship between sites of very good condition and 
increased abundance of their mycorrhizal symbiont.  This is an important finding in terms   143 
of using orchids as ecosystem health indicators as these species are showing a measured 
mycorrhizal response to site condition.   
 
Comparison with in situ distance baiting results suggest that the actual extent of fungal 
patches within urban bushland reserves may be much more reduced than the potential 
niches found through ex situ baiting.  Although distance from the adult orchid was not 
found to be a significant factor affecting germination, trends within the data would 
suggest that increased distance produces a lower likelihood of germination occurring.  
Without identification of the fungi it was difficult to prove exact ecological specificity, 
but it would appear that the ecological niche the orchid can occupy in the field is much 
more restricted than the „potential niche‟ highlighted by baiting results.  The implications 
for ecological and potential niches need to be considered in the development of ex situ 
conservation and translocation efforts.  The low germination and small sample size of this 
study mean that results should be interpreted carefully.  Further study is required to 
quantify relationships between site condition and mycorrhizal abundance in this study. 
     144 
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Chapter Six 
The Growth and Biomass Allocation of Translocated Orchid Seedlings 
 
 
6.1.  INTRODUCTION 
 
Outplanting, or translocations, involve the transfer of plants or regenerative tissue from a 
natural population or ex situ collection to an existing population, a site of extinction or a 
new site, for purposes of conservation (Vallee et. al., 2004).  The goal of both 
translocation is the establishment of a new population in an area where the population did 
not previously exist or had ceased to exist, or to augment existing populations.  The 
requirements of a translocation or outplanting site are the same and for the purposes of 
this chapter the terms will be used interchangeably.  Translocations are used in efforts to 
conserve a species threatened by extinction or degradation and are usually preceded by a 
small scale experimental translocation (Gordon, 1996; Vallee et. al., 2004; Jusaitis, 
2005).  Translocations can also be utilized to determine critical factors that limit survival, 
growth and sustainability in the field and to find suitable unoccupied habitats for 
recruitment.   
 
Translocation of orchids is considered to be more difficult than in other families as they 
depend on relatively specific mycorrhizal fungi for survival (Warcup, 1981; Rasmussen, 
1995).  Habitat requirements for establishment must therefore suit the needs of both the 
fungi and the orchid.  Patchy distribution of the fungi in the soil and a scarcity of natural 
habitats have been linked to low recruitment rates observed in bushland in Western 
Australia (Batty et al., 2001; Chapter 5).  Natural recruitment is also limited by low seed 
set and pollen limitation within Western Australian orchids and results in potentially 
lower seed abundances within habitats (Chapter 4).  Orchid populations in bushland 
remnants may be affected by low recruitment for the aforementioned reasons and 
consequently would be under threat of local extinction as the pool of reproductively 
active adults may begin to decline.  Thus it is important to use translocations not only as a   146 
means of boosting existing populations, but to investigate the habitat factors that affect 
seedling recruitment and survival. 
 
While methods for orchid propagation and translocations have improved, an 
understanding of the effects of biotic and abiotic factors on survival and growth is still 
lagging (Zettler and McInnis 1992; Batty et al., 2006b; Wright et. al., 2009).  
Consequently translocations often fail for reasons that are not well understood (Vallee et. 
al., 2004). Shading and herbivory have been found to have a large impact on seedling and 
adult survival in a number of studies with the practical applications of habitat matching 
and herbivore exclusion prior to large-scale translocation efforts (McKendrick, 1995; 
Scade et al., 2006; Faast and Facelli, 2009).  Translocation efforts can also be hampered 
by poor growth during the initial season.  A baiting study conducted in the south west of 
Western Australia found that in a growing season, most seedlings did not produce tubers 
of a sufficient size to survive summer aestivation (Batty et al., 2001).  It was speculated 
that a longer growing season promoted by above average spring rainfall may be required 
to increase the likelihood of tuber formation.   
 
This study investigates biomass allocation and seedling survival in translocated orchid 
seedling in urban bushland reserves.  Translocations using seedlings of four orchid 
species were utilised to determine the following: 
  Differences in seedling survival, leaf length and establishment in the first three 
years following translocation in a highly disturbed and relatively undisturbed site. 
  Differences in seedling survival and leaf length across a gradient of site 
conditions. 
  The effect of site condition on biomass allocation within one growing season. 
It is anticipated that the results of this study will aid understanding of the potential 
recruitment and establishment success of orchids at sites of differing vegetation condition.  
The study will also provide insights into the potential success of orchid translocation 
efforts in urban bushland remnants.   
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6.2.  METHODS 
 
6.2.1.  Study Sites and Study Species 
The three year establishment trial was conducted in Kings Park.  One site was an area of 
natural Banksia woodland that received available water from rainfall events.  The other 
site was an area that had been cleared and was undergoing rehabilitation, with the aim of 
restoring the vegetation assemblages and structure to resemble natural Banksia woodland.  
The rehabilitated area received supplementary watering from an above ground 
reticulation system over the summer months.  The orchid species grown and used in the 
three year establishment trial were C. arenicola, D. magnifica, E. brunonis and P. 
sanguinea. 
 
The biomass allocation trial was carried out in a subset of the sites outlined in Chapter 2 
and 3.  Sites were chosen to provide a representation of the gradient of very good, good 
and poor condition vegetation (as defined by the assessments in Chapter 3) as well as a 
glasshouse control.  The species used in the biomass allocation trial were C. arenicola, D. 
magnifica and P. sanguinea.  Established natural populations of the majority of orchids 
used in these experiments were located at all sites.   
 
In situ baiting was conducted in the immediate area of the translocation plots in both the 
three year establishment trial and the biomass allocation trial.  In situ baits contained seed 
from all translocated species and were installed at the initial time of translocation.  The 
location of suitable habitat with the required mycorrhiza was not considered necessary as 
orchid seedlings would provide their own source of inoculum for the short term of the 
study.   
 
6.2.2.  Seed and Fungal Collection and Growth 
Seed was collected from all sites and is outlined in Table 6.1.  Seed was collected from 
hand pollinated flowers when the capsule was ripe and becoming dehiscent.  The seed 
that was used in germination was stored at 5
 C prior to use.  For the purposes of the 
outplanting study, a subset of seed was pooled to minimize issues associated with 
provenance and fitness.     148 
 
 
Table 6.1.  Locations from where orchid seeds used in outplanting experiments were 
sourced  
  Sites 











































































































Caladenia arenicola  +  +  +  +  +  -  -  +  +  -  + 
Diuris magnifica  +  -  +  -  +  +  -  +  +  +  + 
Pterostylis sanguinea  +  +  +  +  +  +  +  +  +  +  + 
Elythranthera brunonis  -  +  -  -  -  -  -  +  +  -  - 
 
6.2.3.  Symbiotic Seed Germination 
The fungi used for the germination of seedlings were sourced from adult plants at 
outplant sites.  The fungi were isolated from single pelotons from the collar or root of 
adult plants using the protocol outlined in (Rasmussen, 1995) and (Batty et al., 2002).  
Fungi were grown on SSE (soil solution equivalent) agar (Mursidawati, 2004).  
 
Germination followed protocols similar to those outlined by Warcup (1973) and Clements 
and Ellyard (1979).  Seeds were surface sterilized in an agitating mix of 1% active 
chlorine solution of Ca(OCl)2 and a drop of the surfactant Tween 80 until seed testa 
began turning a lighter colour (variable time between species).  Seeds were rinsed three 
times in double distilled water and spread onto oat agar plates.  The appropriate clean 
fungi were used to inoculate the plates.  Plates were kept in the dark at 21
oC until leaf 
primordia appeared.  Plates were then moved to standard tissue culture conditions of 16/8 
hours light/dark at approx 21
oC (Batty et. al., 2006).   
 
Once seedlings had formed a green leaf they were moved onto a sand over agar substrate 
in 540mL round plastic containers.  Containers consist of an oat agar layer and covered 
with a layer of double pasteurized white sand.  Moisture from the agar was permitted to 
permeate the sand prior to seedling placement in the containers.  Containers with   149 
seedlings were returned to standard tissue culture conditions described above for several 
weeks.  Seedlings in containers were moved to the glasshouse 24 weeks after sowing and 
moved to the glasshouse for two weeks in order for seedlings to acclimatize.  Seedlings 
were then ‘hardened’ in the glasshouse by having the container lids removed for a further 
week prior to outplanting. 
 
6.2.4.  Outplanting and Monitoring 
Seedlings were placed randomly within plots and individuals relocated using a grid 
system so they could be tracked over the growing season and between years (Plate 6.1a 
and 6.1.b).  In order to obtain results on seedling survival and potential long term 
establishment, herbivore exclusion cages were placed over seedlings.  Exclusion cages 
were created out of plastic lawn edging and flywire mesh to prevent predation of 
seedlings, which has been shown to be a problem in orchid translocations in urban 
reserves previously (Scade et. al., 2006).  Exclusion cages could be removed for 
monitoring purposes and the flywire was used so that supplementary or natural watering 
was not impeded (Plate 6.2.).   
 





Plate 6.1.a.  Outplant plot 
showing colour-coded grid system 
used to relocate seedlings. 
Plate 6.1.b.  Monitoring of orchid 
seedling leaf length via grid in 
outplant plots.  Diuris magnifica 
seedling.   150 
 
Plate 6.2.  Example of exclusion cage for translocation plots.  Kings Park 
rehabilitation site. 
 
Monitoring for growth over the season occurred on the first day of translocation and one 
week after for the first two weeks and then every second week after that until seedlings 
senesced at the end of the growing season.  Seedlings were measured for length from 
ground to tip (in mm) along the midrib.  Pterostylis sanguinea seedlings were measured 
along the midrib of the longest leaf from petiole to leaf tip.  The number of leaves in the 
rosette was also recorded for this species.  Survival in years following initial translocation 
was also recorded in the three year establishment trial.  Growth of re-emerging 
individuals was measured from when they first became visible and then every second 
week until senescence occurred.   
 
6.2.5.  Measuring Watering (Supplementary and Natural) 
Data on the amount of supplementary water that seedlings were receiving in the three 
year establishment trial was collected on watering days.  Three vessels of the same size 
were placed in the area at sites of translocation.  An average the water collected between 
the three vessels was obtained and used as the amount of supplementary water being   151 
provided.  Rainfall data was obtained for the years in which the trial was carried out in 
order to determine the amount of water other seedlings were getting.   
 
A supplementary watering regime was adopted in early autumn for the plants in the 
biomass allocation trial until the break of the season (first rains) to ensure plants survived 
for the trial to occur.  Plot size was 0.5m
2 and each plot received 2L of water prior to 
planting and 1L after planting.  Plots then received 2L of water per week until the break 
of the season. 
 
6.2.6.  Biomass Recovery  
Harvesting of tubers in the seedling biomass allocation trial occurred sixteen weeks after 
translocation, but prior to senescence taking place.  Tubers and leaf material were 
recovered and wet weights of tuber and shoots were taken before drying in a 60
oC oven.  
Tubers and shoots were weighed every 24 hours until weights stabilized and dry weight 
was assumed.   
 
6.3.  RESULTS 
 
6.3.1.  Three Year Establishment Trial 
There was a marked difference in growth of seedlings between the rehabilitated site, 
(which received supplementary watering Dec-May), and bushland site, receiving only 
available water.  Heights of seedlings at the time of translocation were comparable 
differences between the rehabilitated site and the bushland site became apparent over the 
season.  Seedlings in the rehabilitated site maintained a relatively steady size over the 
monitoring period (Figure 6.1.A).  The majority of species remained above or around 
20mm in height until senescence.  Only P. sanguinea seedlings showed a decline over the 
season to below 10mm.  It should be noted that due to the growth habit of P. sanguinea it 
is not directly comparable to the other prostrate species.  Leaf length of seedlings in the 
bushland site only showed marked declines in the first two weeks of monitoring and all 
species remained below 10 mm in height for the duration of monitoring until senescence 
(Figure 6.1B).     152 
 
   
Figure 6.1. A and B.  Mean height of seedlings attained in the three year establishment 
trial in the rehabilitated site (A) and in the bushland site (B) in 2004. 
 
Seedlings that re-emerged the season after initial planting, showed differences in growth 
between the rehabilitation site and the bushland site.  Seedlings in the rehabilitation site 
(Figure 6.2.A) attained greater heights than the bushland seedlings (Figure 6.2.B).  
Seedlings from the rehabilitated site reached optimal heights of close to 10 mm in the 
third week of monitoring and then growth ceased and some seedlings became shorter as 
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site that showed no continued growth over the season.  Caladenia arenicola exhibited the 
greatest growth attaining 15 mm during monitoring in the rehabilitation site.   
 
Growth of re-emerging seedlings at the bushland site exhibited little to no growth over the 
season (Figure 6.2B).  Only P. sanguinea and E. brunonis re-emerged in 2005, but 
attained heights of less than 1 mm. 
 
Survival of seedlings past the third season only occurred in the rehabilitated site for P. 
sanguinea (Figure 6.3.).  Pterostylis sanguinea seedlings attained greater lamina lengths 
than had been achieved in any of the previous seasons, at an optimal average length of 64 
mm.  Two seedlings also produced an inflorescence in the third season (Plate 6.3.).  
However, in the following fourth season no seedlings re-emerged in either site (Table 
6.2.).  The proportion of the translocated seedlings was seen to decline over consecutive 
seasons (Table 6.2).  Pterostylis sanguinea showed the greatest proportion of individuals 
re-emerging in the second season in 2005 (Table 6.2.).  Only P. sanguinea continued to 
re-emerge past the second season, although re-emergence declined through to the third 








Figure 6.2. A and B.  Mean height of seedlings attained in the three year establishment 
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Figure 6.3.  Mean height of re-emerging seedlings in the rehabilitated site in 2006. 
 
 
Plate 6.3.  Outplanted Pterostylis sanguinea seedling flowering in the third growing 
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Table 6.2.  Re-emergence of seedlings in 2005, 2006 and 2007 in bushland and 
rehabilitated sites expressed as percentage of the total population.  (* denotes flowering 
occurred). 
  2005  2006  2007 
Species  Rehab  Bushland  Rehab  Bushland  Rehab  Bushland 
Pterostylis sanguinea  53.3  6.6  11.1 *  0  0  0 
Elythranthera brunonis  26.6  6.6  0  0  0  0 
Diuris magnifica  0  0  0  0  0  0 
Caladenia arenicola  20  0  0  0  0  0 
 
Figure 6.4. shows the amount of water that the sites where seedlings were planted were 
receiving over the seasons. The rainfall received in 2005 was the highest for all the years, 
exceeding the thirty year monthly average in March, May, June and October (Figure 6.4.).  
However, 2005 rainfall fell below the average in July and this was the lowest July rainfall 
observed.  Rainfall in 2004 was closer to the thirty year average, although above average 
rainfall was received in August and rainfall was below average over the summer months 
(December to April).  Rainfall was the lowest for all monitoring years in 2006 (Figure 
6.4.), where January and February were the only months to record above average rainfall.  
Rainfall was very low during the winter months of 2006 and became closer to the average 
from August onwards.   
 
Water received from the supplementary watering occurred through the summer months 
from December to April (Figure 6.4.), when rainfall is typically at its lowest (Figure 6.4.).  
The amount of irrigation water received exceeded the higher winter monthly rainfall 
averages for all years, except in July 2005.   
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Figure 6.4.  Rainfall data (mm) for 2004, 2005 2006 mean supplementary water 
received at the rehabilitation site over each year, and the thirty year monthly average from 
the Perth meteorological station against the thirty year monthly average (Bureau of 
Meteorology). 
 
6.3.2.  Seedling Biomass Allocation trial 
Biomass allocation in orchid seedlings over one growing season varied in response to site 
condition gradient (Table 6.3).  Diuris magnifica had the highest leaf and tuber biomass 
of all species attained in the glasshouse.  Leaf biomass for D. magnifica was significantly 
higher than all other species and tuber biomass was significantly higher than P. sanguinea 
(p<0.05).  Tuber biomass was significantly higher for D. magnifica as compared to P. 
sanguinea (p<0.05).  In the field sites, leaf biomass was higher at good condition sites and 
tuber biomass was highest at very good condition sites for D. magnifica.  Maximum mean 
shoot length for D. magnifica was recorded in the glasshouse and in the field at good 
condition sites with 78mm and 60.9 mm respectively.   
 
Highest maximal leaf lengths for all species except P. sanguinea were recorded in the 
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by D. magnifica (p<0.05) with a high ratio in very good condition sites (5.47) and the 
lowest root to shoot ratio for D. magnifica was observed in the glasshouse.   
 
Higher growth of C. arenicola tubers was recorded in very good condition sites followed 
by the glasshouse population (Table 6.3.).  Tuber production in C. arenicola was found to 
be significantly higher than that of P. sanguinea (p<0.05) across site condition categories.  
Maximal leaf length for C. arenicola was recorded in the glasshouse followed by sites of 
very good condition and the other sites in order of decreasing condition ranking.  
Maximal leaf length measures of Caladenia arenicola were significantly higher than P. 
sanguinea (p<0.05).  A higher shoot biomass and relatively low root biomass in poor 
condition sites resulted in the highest root to shoot ratio observed in C. arenicola.  Root to 
shoot ratio of C. arenicola was significantly higher than P. sanguinea but not D. 
magnifica (p<0.05). 
 
    
Table 6.3.  Mean tuber and leaf growth of seedlings in one season planted in sites of very good, good and poor condition.  Biomass measured in grams 
of dry weight (mg/dw), RSR denotes root to shoot ratio, Max. shoot length is mean of maximum attained by plants over season. 
  Condition Categories 
  Measurement  Very Good  Good  Poor  Control 
Species  Glasshouse 
  Total Biomass (mg/dw)  29.55 ± 15.17  27.71 ± 6.08  11.5 ± 3.88  34.25 ± 8.09 
  Leaf Biomass (mg/dw)  3.24 ± 0.75  6.4 ± 1.35  6.66 ± 1.07  6.26 ± 1.76 
  Allocation to shoots (%)  10  23  31.8  18.2 
Diuris magnifica  Tuber Biomass (mg/dw)  26.31 ± 14.99  21.31 ± 5.68  7.83 ± 2.82  27.98 ± 6.54 
  Allocation to roots (%)  89  76.9  68  81.6 
  RSR  5.47 ± 3.30  3.05 ± 0.83  1.98 ± 0.32  1.88 ± 0.43 
  Max shoot length (mm)  57.33 ± 5.57  60.9 ± 6.75  43.2 ± 5.17  78 ± 9.32 
  Total Biomass (mg/dw)  27.4 ± 24.4  4.45 ± 074  8.3 ± 0.6  15.94 ± 1.44 
  Leaf Biomass (mg/dw)  0  0.27 ± 0.27  1.75 ± 0.15  1.32 ± 0.57 
  Allocation to shoots (%)  0  6  21  8 
Caladenia arenicola  Tuber Biomass (mg/dw)  27.4 ± 24.4  4.17 ± 0.82   6.55 ± 0.75  14.62 ± 1.43 
  Allocation to roots (%)  100  93.7  78.9  91.7 
  RSR  0  3.70 ± 0.70  3.80 ± 0.75  0.54 ± 0.24 
  Max shoot length (mm)  39.83 ± 3.62  29.83 ± 2.49  22.93 ± 1.62  66.95 ± 3.36 
  Total Biomass (mg/dw)  0  3.8 ± 0  9.7 ± 0  8.65 ± 2.22 
  Leaf Biomass (mg/dw)  0  2 ± 0  5.5 ± 0  1.62 ± 0.96 
  Allocation to shoots (%)  0  52.6  56.7  18.7 
Pterostylis sanguinea  Tuber Biomass (mg/dw)  0  1.8 ± 0  4.2 ± 0  7.03 ± 1.67 
  Allocation to roots (%)  0  47.3  43.2  81.2 
  RSR  0  0.9 ± 0  0.76 ± 0  2.51 ± 1.78 
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No growth measurements of P. sanguinea from very good condition sites could be 
included in the analysis as tubers and shoots could not be relocated at the time of harvest.  
For the remaining orchid species the highest leaf biomass was recorded at sites of poor 
condition (Table 6.3.).  Tuber biomass was highest in the glasshouse for P. sanguinea 
followed by poor condition and good condition sites. The combination of the relatively 
high leaf biomass and high tuber biomass in the glasshouse resulted in the lowest root to 
shoot ratio for P. sanguinea, which was significantly lower than that recorded for D. 
magnifica.  Very low root to shoot ratios for P. sanguinea in poor and good condition 
sites were the result of root biomass and shoot biomass being more evenly matched in.  
The greatest maximal shoot length for P. sanguinea was recorded in the good condition 
site followed by the glasshouse population and then the poor condition site.  Leaf lengths 
of P. sanguinea were significantly lower than the other species as a result of the species 
growth habit (p<0.05). 
 
Overall, seedlings at good condition sites attaining significantly higher leaf biomass  
compared to glasshouse seedlings.  However, glasshouse seedlings had significantly 
higher leaf biomass than poor condition sites (p<0.05).  Glasshouse seedlings had 
significantly lower root to shoot ratios than good and poor condition sites (p<0.05). 
 
6.4.  DISCUSSION 
 
6.4.1.  Three Year Establishment Trial 
Orchid seedlings require water for survival and are particularly prone to desiccation 
during drier weather when the substrate is losing water (Yoder et al., 2000).  Orchid 
seedlings in the rehabilitated site exhibited better growth in the initial year of 
translocation and a greater ongoing survival and growth in subsequent years than their 
naturally watered counterparts.  Although there was an apparent absence of mycorrhiza at 
the field sites (baiting did not detect the presence of compatible fungi), it is possible that 
mycorrhiza were present in the soil and not found during sampling.  The availability of 
water through the dry summer period may have aided in the establishment and spread of 
the fungi from the seedlings into the surrounding soil, providing a source of re-infection 
for the orchid in the next growing season.  Water is a key requirement of growth and   161 
development of all fungi (Killham, 1994) and both water and the presence of the 
appropriate mycorrhiza is a key requirement for the survival of an orchid seedling and the 
formation of a replacement tuber (Yoder et. al., 2000).   
 
Orchid mycorrhizas greatly improve germination and growth in a number of orchid 
species (Zettler and McInnis, 1992; Batty et al., 2001).  Growth in orchids is improved by 
the provision of nutrients and carbohydrates from the infecting mycorrhiza (Rasmussen, 
1995).  The specifics of the role of fungi in germination have not yet been determined and 
require further study.  It is believed that fungi stimulate the orchid seed to germinate 
during penetration of the embryo, potentially by fungal exudates, and a study by 
Clements (1988) showed that contact between seed and fungi are required.  However, a 
study by Yoder et al. (2000) found that mycorrhizal infection also provides the orchid 
with water.  Symbiotically germinated seeds had higher water contents than 
asymbiotically germinated seed.  This was attributed to the fact that water was made 
available through the digestion of pelotons and incorporation of water from the 
mycorrhiza ‘trapped’ in the digestion cell.  The mycorrhiza also enhances further uptake 
acting as a conduit from soil to seedling when it is still active between soil and plant 
(Yoder et al., 2000).   
 
Seedlings used in this experiment were within the same size range at the point of 
translocation to the field, ensuring that seedlings at the different sites were not 
advantageously biased.  This increased the likelihood that differences observed were 
likely to be due to site conditions.  Although all seedlings in this study obtained the 
appropriate mycorrhiza through symbiotic germination, the rehabilitation site may have 
provided greater water availability and potentially higher soil nutrient content from the 
addition of mulch.  Mulch at the rehabilitated site was at least 5cm in depth as compared 
to the thin leaf litter observed at the bushland site.  Over the course of the three year trial, 
growth of other plants in the rehabilitated site led to a much denser, shadier understorey 
than that observed in the bushland site.  As a result, soil moisture content would be 
expected to be higher in the rehabilitated site and the risk of losing orchid seedlings 
through dessication is likely to have been reduced.  The higher growth in the first year of 
seedlings in the rehabilitated site can potentially be attributed to the seedlings being able   162 
to obtain a greater nutrient and available water source as a result of the thicker mulch 
layer than those translocated to the bushland site.  These results are in agreement with 
earlier observations that increased litter cover is correlated with increased germination 
and growth of orchid seedlings (Batty et. al., 2001).   
 
A similar study by Batty et al. (2006a) investigating propagation techniques for the 
establishment of terrestrial orchids at field sites used two of the species from this study, 
C. arenicola and P. sanguinea, to investigate the establishment of translocated seedlings.  
More than 90% of P. sanguinea and 80% of C. arenicola survived to the onset of the first 
summer dormancy at the rehabilitated site in this study as compared to 90% and 20% 
respectively in the study by Batty et al. (2006a).  Perhaps more comparable are the results 
from the bushland site, where more than 50% of P. sanguinea seedlings and 30% of C. 
arenicola seedlings survived to the onset of summer dormancy in this current study.  
Given that no climatic data was provided in the study by Batty et al. (2006a), differences 
in survival over the initial growth season between studies may be the result of either the 
amount of available rainfall or microhabitat site differences, as is supported by other 
studies (McKendrick, 1995; Scade et al., 2006).  Heightened survival of C. arenicola in 
the rehabilitated site as compared to both the bushland results and those of Batty et al. 
(2006a) is most likely due to the thicker layer of mulch and relatively dense understorey 
holding water close to the soil surface.   
 
Survival of seedlings into a second growing season was limited to a few individuals of P. 
sanguinea (6.6%) and E. brunonis (6.6%) in the bushland site.  In the study by Batty et al. 
(2006a), P. sanguinea was the only species to survive into the second growing season 
with 40% of the population re-emerging.  It is likely that the poor survival seen in the 
current study in the bushland site is likely to be due to the seedlings being unable to 
produce sufficient tubers in the previous season to ensure ongoing survival.  Failure to 
produce a sufficiently large tuber has been observed in seed baiting trials in similar 
habitats (Batty et al., 2001).  Batty et al. (2006a) found that in the translocation of 
dormant tubers, larger tubers were better able to survive summer dormancy, with 
sufficient reserves to initiate growth in the following year.  Neither E. brunonis nor P. 
sanguinea seedlings were observed again at the bushland site.  Similar results were   163 
obtained by Batty et al. (2006a) as no seedlings survived past the second growing season.  
Dormant tubers need to survive 4-5 months without rainfall and soil temperatures higher 
the 30
0C (Tieu et al., 2001).  In the years of the study rainfall would appear to have been 
sufficient for the ongoing survival of the orchids indicating that there are other 
environmental factors influencing sufficient tuber production and plant survival.   
 
The favourable conditions provided by the rehabilitated site are best seen in the survival 
of seedlings into the second growing season.  Pterostylis sanguinea (53.3%), E. brunonis 
(26.6%) and C. arenicola (20%) seedlings all survived into the second growing season 
and P. sanguinea even survived into a third growing season (11.1%) and produced 
flowers (Table 6.2. and Plate 6.3.).  No seedlings were seen to survive beyond this point 
(Table 6.3.).  The death of all the translocated seedlings past the three year period is likely 
to be due to the inability of the mycorrhizal fungi to establish a sustainable colony.  The 
presence of mycorrhizal fungi in the soil is known to have an immediate impact on plant 
persistence, with orchid plants surviving only a few years on tuber reserves following the 
loss of the fungi (Swarts and Dixon, 2009).  Although the conditions at the rehabilitated 
site may have been more favourable for the persistence of mycorrhizal fungi than the 
bushland site, it seems unlikely, from the death of the seedlings, that the fungi were ever 
able to establish viable populations.   
 
Tuber resources become exhausted without re-invigoration of the orchid plant by re-
infecting fungi (Swarts and Dixon, 2009).  The lack of fungi found at all sites highlights 
the maximum times for survival of the different species without fungi.  Survival times 
varied greatly between species and are likely to be due to differences in the allocation of 
resources between species.  Pterostylis sanguinea is able to survive the longest, up to 
three seasons, presumably exhausted after this time by reproductive efforts.  Replacement 
efforts in seedlings can deplete resources and a similar translocation study showed there 
were costs of flowering expressed in poor subsequent seedling growth (McKendrick, 
1995).  Both C. arenicola and E. brunonis require replacement daughter tubers and collar 
re-infection for ongoing survival (Dixon, 1991) and it is unlikely that conditions 
permitted either to occur at the field sites.  
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6.4.2.  Biomass Allocation Trial 
Orchid seedlings are poor competitors and due to the long population establishment phase 
of many orchid species, a relatively stable environment is required for recruitment 
(Rasmussen, 1995).  This is of particular consequence in urban reserves where 
disturbances to the environment can be frequent and severe and ultimately interfere with 
the recruitment process.  This study found that the effects of habitat condition on the 
growth and biomass production of orchid seedlings varied between species.  Generally 
orchids performed better in terms of greater maximal leaf length and a greater overall 
biomass was achieved in sites of better condition.  However the differences between 
species become apparent when biomass allocation and root to shoot ratios are investigated 
in detail.  
 
Diuris magnifica exhibited the highest overall biomass allocation and maximal leaf length 
of all the species in the trial.  The root to shoot ratio of D. magnifica steadily decreased 
from sites of very good condition to sites of poor condition suggesting that the resource 
requirements of D. magnifica are better met at sites of very good condition.  Interestingly 
D. magnifica is also able to grow well at sites of poor condition as compared to the other 
species.  It would seem that D. magnifica is better able to buffer the negative impacts that 
poor site condition have on the growth of the other species.  The ability of D. magnifica 
to grow better than other species in sites of poor condition supports the findings of 
Chapter Three in this study where D. magnifica was found to be an indicator of poor 
condition sites.  Increased root to shoot ratios in sites of better quality and greater 
available resources have also been by Hutchings (1999).  The ability of D. magnifica to 
better buffer the impacts of disturbance is also supported by the early colonisation of 
recently disturbed sites by D. magnifica (Collins et. al., 2007).  
 
Baiting for mycorrhizal fungi at the sites of translocation suggested that no fungi were 
present and that for the purposes of this study the seedlings provided their own source of 
mycorrhiza.  Under natural conditions, mycorrhizal fungi have been found to be very 
patchy in the landscape (three year establishment trial this chapter, Chapter 5; Batty et al., 
2001).  It can be assumed that sites where the seedlings performed well provided suitable 
substrates to support the mycorrhizal fungi in the seedlings.  The allocation of biomass in   165 
D. magnifica would support this as biomass allocation to the tuber decreased with 
decreasing site condition going from 89% (very good condition) to 68% (poor condition) 
(Table 6.4.).  An inverse relationship exists between tuber and leaf biomass allocation 
with leaf biomass increasing with decreasing site condition (10% in very good condition 
to 31.8% in poor condition).  The orchid is likely to be compensating for the poor 
substrate in the poorer condition sites by increasing leaf biomass to capture 
photosynthates to sustain the plant.   
 
A similar relationship, decreasing tuber biomass allocation with decreasing site condition, 
is observed in the non-clonal orchid C. arenicola.  Although there were no results for C. 
arenicola leaf data at the very good condition site, results from the good, poor condition 
sites and the glasshouse seedlings upheld the relationship seen in D. magnifica.  It is 
possible that as C. arenicola must invest all its resources in producing a replacement 
tuber for ongoing survival, in sites of poor substrate and mycorrhizal availability, 
resources of the plant are allocated towards tuber production rather than obtaining 
photosynthates through the leaf production.   
 
Seedlings of P. sanguinea do not follow the growth and biomass patterns observed in D. 
magnifica and C. arenicola.  No results could be obtained for P. sanguinea seedlings at 
very good condition sites, so no conclusions can be drawn about the growth of P. 
sanguinea at sites of very good condition.  In the remaining sites, the root to shoot ratio 
showed a decrease from the glasshouse seedlings, to good condition sites through to poor 
condition sites.  The root to shoot ratio of P. sanguinea is among the lowest of any of the 
species in this study and is much closer to the root to shoot ratio suggested for Thelymitra 
fuscolutea, another south Western Australian terrestrial orchid, during the growing season 
(Dixon, 1991).  The total biomass and root and shoot allocations all decreased with 
decreasing site condition.  Pterostylis sanguinea was the only species in the study that did 
not display an inverse relationship between leaf and tuber allocation.  In fact, leaf and 
tuber allocation remained relatively equal with allocation to the leaf only slightly higher 
in good and poor condition sites.  This may be due to the large leaf surface area of P. 
sanguinea providing a greater source of reserves for tuber production in contrast to the 
other smaller leaved species.     166 
6.5.  CONCLUSIONS 
 
Evidence from this study indicates that orchid seedlings respond positively to increased 
soil moisture and shading provided by the rehabilitated site.  There was also evidence of 
an effect of site condition on the productivity of seedlings observed in the study of 
biomass allocation in seedlings.  Seedlings in the rehabilitated site exhibited stronger 
growth in the initial season and increased survival following summer aestivation.  
Survival to the third growing season was attained in rehabilitated sites, whereas only very 
low survival to the second growing season was reached in the bushland site.  These 
survival rates could be attributed to the differences in available water, shade and litter 
layer as re-infection by mycorrhizal fungi was unlikely to have occurred.  Future studies 
involving manipulation of these three factors are required to isolate the effects that each 
of these factors has on the establishment and growth of orchid seedlings. 
 
This study also revealed that orchid seedlings responded to site condition by altering their 
biomass allocation.  In poor condition sites orchid seedlings typically responded by 
increasing shoot allocation to obtain the photosynthates necessary for survival.  In sites of 
better condition D. magnifica and C. arenicola orchids were able to put more energy into 
tuber production to ensure survival over the summer aestivation period.  In general, total 
biomass allocation for D. magnifica and C. arenicola decreased with decreasing site 
condition.   
 
Pterostylis sanguinea was an exception and appeared to distribute resources equally 
between leaf and tuber despite site condition.  Pterostylis sanguinea may avoid having to 
allocate biomass between either leaf or tuber depending on site condition, by growing in 
the wetter months when mycorrhizal activity would be highest.  The ability for P. 
sanguinea to survive for longer periods of time in the absence of mycorrhiza in situ as 
demonstrated in this current study, suggests that P. sanguinea is able to sequester 
sufficient resources to survive than the other species of this study.   
 
Orchids are able to establish in areas that have been subjected to large scale disturbances 
as seen in this study and in the study by Collins et. al. (2007).  It would be expected that   167 
survival of seedlings would be greatly increased by the introduction of a source of 
inoculum other than that carried by the seedling.  Further work would also need to be 
undertaken to determine the site remediation required to encourage fungal growth to 
establish a sustainable population of orchids.   
 
The findings of this study have implications for the use of orchids as indicators of 
ecosystem health.  This initial study into how site condition of urban fragments impacts 
growth and biomass allocation in orchids suggests biomass is a potential measurement of 
site condition.  The potential exists for outplanting these seedlings to sites and to use 
biomass accumulation as a means of measuring relative site condition.  The issue that 
would exist in using biomass allocation as a measure of site condition is the role that 
other environmental conditions play in orchid survival and growth (e.g. soil moisture and 
shading).  Clarifying the reliability and magnitude of biomass allocation as a response to 
site condition would need to be undertaken before this could be considered a reliable 
means of measuring site condition.   
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This study is the first of its type where various aspects of orchid ecology are investigated 
in concert with habitat condition to determine the applicability of orchids as bioindicators 
in urban reserves.  Investigations in this thesis have focused on the overarching question 
of whether orchids can be used as indicators of ecosystem health in urban systems.  
Determining the appropriateness of an organism as an indicator of ecosystem health is a 
complex study of many parts.  The framework used in this study involved determining the 
space occupied by orchids in urban bushland remnants on the Swan Coastal Plain and 
correlating that with measured environmental parameters.  One of the key factors in 
choosing an appropriate indicator species is to understand the sensitivity of the organism 
to environmental disturbance and ensure that it has predictable and reliable responses to 
environmental change (Whitford, 1998; Dale and Beyeler, 2001; Jorgenson et al., 2005).  
In order to determine the use of orchids as bioindicators, knowledge of their ecology in a 
fragmented landscape and their interactions with an environmental condition gradient was 
investigated.  Pollination responses, mycorrhizal abundance and recruitment potential 
were all measured against the ecosystem health assessment framework to determine 
orchid responses to disturbance.   
 
This study found that urban bushland fragments ranged in condition from those 
comparable to the peri-rural benchmark site (Flynn Rd) to sites that were much degraded 
(Chapter 3).  Sites assessed as being in very good condition were characterized by the 
patch attributes, size, shape and perimeter to area ratio.  This finding suggests that 
management of urban remnants for conservation purposes requires the consideration of 
patch attributes as much as it does setting aside areas specific to the location of rare or 
threatened species.  Sites with a low perimeter to area ratio are less susceptible to edge 
effects and invasion by exotic species as their shape promotes the protection of their 
internal ecological integrity (Saunders et al., 1991; King and Buckney, 2001; Stenhouse, 
2005).  The integrity of sites with a low perimeter to area ratio and larger size was 
reflected in a greater degree of canopy, native vegetation cover, and low weed cover   170 
values.  Sites assessed as being in very good condition were characterized by high canopy 
cover, high native vegetation cover large size and a low perimeter to area ratio.  Sites of 
poor condition typically had high weed cover.   
 
The only instance where this did not hold true was the ranking of sites like Bold Park 
under the Viability Estimate where the heavy weighting towards size and connectivity 
placed it above sites with better vegetation condition.  Bold Park is unique, while it is one 
of the larger reserves included in this study, the integrity of the vegetation is 
compromised by internal fragmentation.  The proliferation of vehicle paths within the 
park leads to high perimeter to area ratios and small sizes of the individual tracts of 
vegetation, despite scoring a low perimeter to area ratio and large size for the park as a 
whole.  This highlights the importance of choosing assessment parameters that are suited 
to their application.  Assessments of ecosystem health are a product of the input 
components and need to be focused towards the goals and objectives of the research or 
management for which they were formulated. 
 
The floristic composition of the study sites was very complex between sites and within 
sites.  Seven distinct floristic groups were delineated in this study with differences due to 
structure and floristic composition.  The sites used in this study have been subject to 
previous survey work which has identified them as occurring over only one or two 
broader scale floristic communities (Gibson et al., 1994).  The diversity of floristic groups 
observed in this current study may be due to the finer resolution obtained through these 
detailed surveys.  Another reason may be that the fragments of once continuous 
vegetation are now subject to suites of different disturbance regimes driving changes in 
structure and species composition.  Correlations between the floristic data and measured 
environmental parameters, revealed weed cover, health of the dominant canopy species 
and canopy cover to be the main drivers of differences between the floristic groups 
(Chapter 3).   
 
Plant functional groups used in this study added to the interpretation of floristic patterns 
across the site condition gradient.  Differences between sites were reduced by using the 
plant functional group matrix and plant functional groups provided a strong correlation   171 
with the floristic data matrix, supporting its use as a substitute tool for investigating 
vegetation patterns.  Plant functional groups provided a stronger correlation with 
measured environmental parameters that more readily encompassed ‘whole of site health’ 
or ecosystem function.  Plant functional groups revealed strong correlations with weed 
cover, canopy cover, two of the health assessment methods and perimeter to area ratio.   
 
Investigations into plant functional traits across the condition gradients highlighted 
potential disturbance related patterns.  Consistent patterns between plant traits and 
environmental parameters that were observed include: 
  Decrease in the frequency of the facultative sprouting disturbance response as site 
condition decreased.  May be related to decreasing productivity or the absence of 
fire at poor condition sites. 
  Decrease in the frequency of sub-shrub life forms in response to decreasing site 
condition.  May also be related to decreased productivity or the absence of fire. 
  Decrease in the frequency of the perennial life cycle trait in response to decreasing 
site condition.  May be related to resource competition with annual life forms in 
sites with more frequent or more intense disturbance regimes and lower 
productivity.  Although there was not an expected reciprocal increase in the 
frequency of the annual life cycle trait in sites of decreasing condition. 
  Decrease in the frequency of the barochory dispersal trait.  Thought to be linked to 
the low productivity of poor condition sites limiting the resources required for 
production of larger fruits associated with the barochorous dispersal trait (Haig 
and Westoby, 1990). 
 
While this study was able to relate plant functional traits to the vegetation condition 
gradient across sites, it was difficult to relate functional groups and traits to specific 
disturbances.  The traits selected in this study have been used in other studies to identify 
the influence of climate, fire and grazing on floristic patterns (Pakeman 2004; Ozinga et 
al., 2004; Keeley and Zeddler, 1978).  This highlights a problem with the use of plant 
functional traits when data on historical disturbances are not available, as plant functional 
traits can respond to more than one environmental process.  Fire history in the urban 
fragments of this study was not available and it is likely that the patterns observed in plant   172 
functional groups and traits are as much a response to fire regimes as they are expressions 
of general vegetation condition.  Particularly those regeneration traits related to 
disturbance response (Pausas et al., 2004; Franklin et al., 2001).  The ‘snapshot’ of 
functional groups obtained provides insights into vegetation patterns and broader scale 
responses to relative environmental condition of sites.  However, it is likely that there are 
unmeasured disturbances and/or past disturbances that have a role in generating the 
observed patterns in plant functional groups and traits. 
 
Terrestrial orchids have been shown to be sensitive to disturbances such as weed cover 
(Scade et. al., 2006), grazing (Scade et. al., 2006; Swarts, 2007) and fire regimes (Dixon 
and Barrett, 2003) and as such are expected to be useful as indicators of ecosystem health.  
In this study orchid abundance could not be correlated with floristic data, plant functional 
groups or measured environmental variables.  However, orchid abundances could be 
correlated with the vegetation condition gradient and the condition categories.  Analysis 
revealed D. magnifica and to a lesser extent M. media were potential indicators of sites in 
poor condition, and Pterostylis sanguinea was a potential indicator of sites in very good 
condition (Chapter 3).   
 
Linking orchid abundance to site condition and is an important first step in establishing 
their use as indicators of ecosystem health.  Presence and abundance measures are the 
simplest and most commonly used means of measuring an indicators response to 
disturbance (Whitford, 1998; Jorgenson et al., 2005).  However, a plant may be able to 
persist for many years under stress before disappearing from an ecosystem.  This is 
particularly true of orchids which can persist on their tuberous reserves for a number of 
years without re-infection by their associated mycorrhizal fungi (Swarts and Dixon, 2009; 
Chapter 6).  Thus it is important to establish how pollination dynamics, mycorrhizal 
presence and abundance and seedling biomass allocation is affected by changes in 
ecosystem health.   
 
The effects of site condition on fruit set success were not found to be significant for any 
of the orchid species in this current study (Chapter 4).  Widespread pollen limitation was 
observed across the vegetation condition cline observed in this study.  The loss of   173 
connectivity between urban bushland fragments and internal fragmentation in reserves is 
thought to be contributing to this loss of pollinator services (Government of Western 
Australia. 2000; Stenhouse, 2003; Pauw, 2004).  Widespread loss of pollinators, or their 
inability to navigate the urban matrix results in depressed pollination across all sites 
despite condition.  The fruiting success of orchids is known to be low and pollen 
limitation in orchids in fragmented ecosystems has been previously documented (Neiland 
and Wilcocks, 1998; Elliott and Ladd, 2002; Murren, 2002).  The prevalence of pollen 
limitation in urban bushland ecosystems and the inability to link pollen limitation to 
ecosystem health in this current study calls into question the appropriateness of fruiting 
success as a measure of ecosystem health.  Reproductive success among orchids is a 
measure that would appear to be too insensitive to habitat changes to be used to measure 
small scale changes in ecosystem health.  If orchids are to be used as indicators of 
ecosystem health, it would seem that fruiting success is not a reliable measure of 
ecosystem health in the context of urban bushland remnants. 
 
Insights into the general pollination ecology of orchids in urban bushland remnants were 
also gained.  An inverse relationship between orchid density and pollination success was 
also observed although this was not a significant relationship.  General trends indicated 
that D. magnifica, C.flava and C. arenicola fruiting success was related to plant densities 
at sites.  These relationships were strengthened by theories of guild mimicry in D. 
magnifica and known sexual deception in C. arenicola (Stoutamire, 1983; Indsto et. al., 
2006).  These two species represent opposite ends of the pollination mechanism spectrum 
and highlight the importance of a functional approach to conservation efforts.  The 
fruiting success of both orchids relies on the maintenance of other species and of the 
floral densities of the orchids that support their pollination mechanism.  The preservation 
of representative floral densities, populations of ‘model’ species associated with guild 
mimicry and habitat for pollinators is crucial to the sustainability of such plants. 
 
Costs of reproduction were evidenced in D. magnifica and C. latifolia, both of which 
produce multiple flowers in a single flowering season.  Failure to re-emerge was 
significantly higher in D. magnifica and C. latifolia.  Caladenia arenicola appeared to 
bear the lowest costs of reproduction with significantly more plants re-emerging as a leaf   174 
than those that did not re-emerge.  This provides the first known insight into the costs of 
reproduction in terrestrial orchids in fragmented systems.  Further work needs to be done 
to determine if the costs of reproduction change under different disturbance regimes and 
whether these costs can be related to ecosystem health.  It would be expected that costs of 
reproduction would be linked to the prevalence and abundance of mycorrhizal fungi at 
sites in conjunction with the orchid’s ability to store reserves over the space of a growing 
season.   
 
Mycorrhizal distribution across the cline of conditions was found to be patchy within 
fragments and revealed unoccupied niches capable of supporting orchid germination 
(Chapter 5).  Contrary Hollick (2004), this study found no significant difference between 
orchid germination in in situ and ex situ baits.  A significant relationship existed between 
site condition and mycorrhizal abundance.  Germination results for M. media suggested a 
significant relationship between poor site condition and increased abundance of its 
associated mycorrhizal symbiont.  This finding is significant and supports the finding in 
Chapter 3 that presence and abundance of M. media plants are a potential indicator of site 
condition.  The response of M. media orchid mycorrhiza to a decreasing condition cline 
appears be a reliable means of estimating ecosystem health.  The results of this study 
would support baiting for orchid mycorrhiza in conjunction with assessments of M. media 
presence and abundance to determine ecosystem health.   
 
Mycorrhizal response to the condition cline is also shown to occur in germination of C. 
flava and E. brunonis.  Germination results for these two species suggested a significant 
relationship between sites of very good condition and increased abundance of their 
mycorrhizal symbiont.  While the abundance and presence of adult plants of these two 
species was not found to strongly correlate with site condition, the response of their 
associated mycorrhizal fungi in germinating seed was.  In the use of orchids as indicators 
of ecosystem health, the strength between orchid plant presence and abundance as a 
measure of ecosystem health against the abundance of mycorrhizal symbionts would need 
to be clarified.  However, this current study indicates that site condition strongly 
influences orchid mycorrhizal abundance. 
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The ecological niches that orchids occupy in urban bushland fragments appears to be 
much more restricted than the ‘potential niches’ found in the course of this study, 
supporting similar work by Batty et. al. (2001).  Baiting at distance from adult orchid 
populations found that germination of seed decreased at distance from adults.  While this 
finding was not proven to be statistically significant, the trend would suggest that adult 
orchid populations provide a ‘fungal shadow’, where germination and establishment of 
orchid seedlings is maximized.  Given that distribution of orchid mycorrhiza have been 
found to be influenced by site condition in this study, it is possible that in poor condition 
sites, orchid populations act as ‘refugia’ for seedling establishment through the abundance 
of the associated mycorrhizal symbiont.   
 
Translocated orchid seedlings exhibited increased growth and survival in a rehabilitated 
site in comparison to a bushland site (Chapter 6).  The strongest growth and survival 
occurred in P. sanguinea which was observed to survive into a third growing year and 
produce flowers.  The differences between the sites thought to have contributed to 
increased survival and growth were a greater availability of water, increased shade and a 
thicker litter layer in the rehabilitated site.  This highlights the potential importance of 
available water in growth of seedlings, particularly as no mycorrhizal fungi were detected 
at translocation sites.  While the influence of factors such as water availability, shade and 
litter layer could not be proven to be entirely responsible for increased orchid seedling 
survival, this study does show the differential rate of survival of species in the absence of 
fungi.  In the face of increasing pressure on urban fragments and the impact of global 
climate change, the ecological requirements of translocated orchids needs to be 
understood if translocation and natural recruitment in urban reserves are to result in 
sustainable populations (Swarts and Dixon, 2009; Wright et. al., 2009).  The factors that 
influence orchid seedling survival should be recognized in the conservation and 
management of urban reserves to support natural recruitment, or where it is required, 
translocation efforts.   
 
Biomass allocation in seedlings in the first year of growth was shown to differ among 
species along the condition cline.  The inverse relationship of biomass allocation to leaf 
or tuber between sites of good and poor condition was a strategy that was shared by D.   176 
magnifica and C. arenicola only.  In sites of poor condition, D. magnifica and C. 
arenicola increased allocation of biomass to shoots to obtain photosynthates necessary for 
survival and production of a replacement tuber.  It is believed that this is a response to 
lower abundances of mycorrhizal fungi, which are typically the main source of nutrients 
for growth (Rasmussen, 1995).  The sites of very good condition induced these two 
species to increase their allocation of biomass to the tuber.  The findings of this study 
suggest that the relative proportions of biomass allocation to tubers or leaves may be able 
to be used as a tool in the determination of ecosystem health.   
 
Biomass allocation in D. magnifica highlights the opportunistic nature of this clonal 
orchid.  While total biomass allocation was higher at sites of very good condition, D. 
magnifica also had higher biomass allocation than C. arenicola and P. sanguinea at sites 
of poor condition.  The findings of this study would indicate that D. magnifica is better 
able to buffer the negative effects that decreased site condition seems to have on the 
growth of seedlings in other species.  These findings are supported by the presence and 
abundance of D. magnifica plants in relation to the condition cline and its use as an 
indicator of poor site condition (Chapter 3).  Diuris magnifica is able to outcompete other 
orchid species in sites of poor condition as resource requirements are still able to be met.  
The prevalence of D. magnifica at sites of poor condition in this study and a study by 
Collins et. al. (2007) support this theory of niche exploitation by D. magnifica.  Growth 
of D. magnifica at sites of very good condition would indicate the potential of these sites 
as hosts to larger D. magnifica populations.  Lower abundances of D. magnifica plants at 
sites of very good condition are most likely related to the orchid being outcompeted by 
other species (Chapter 3).  Biomass allocation in D. magnifica is another potential tool in 
the use of this species as an indicator of poor condition sites.  
 
Pterostylis sanguinea seedling growth did not follow the patterns of C. arenicola and D. 
magnifica by exhibiting a difference in biomass allocation relative to site condition.  
Biomass allocation was relatively even between tubers and shoots and between site 
condition categories.  It is possible that P. sanguinea is able to survive for longer periods 
without its mycorrhizal symbiont than other orchid species, by sequestering greater 
resources in tubers.  These findings are supported by the three year establishment trial   177 
(Chapter 6) where P. sanguinea had the greatest survival since time of translocation.  The 
findings of biomass allocation in P. sanguinea are inconclusive in terms of its use as a 
tool in determining ecosystem health.  
 
Future Research Directions 
The nature of urban remnants on the Swan Coastal Plain made it impossible to find 
entirely undisturbed remnants for comparison.  A reserve on the peri-rural fringe of the 
urban matrix with minimum evidence of disturbance that retained connectivity to larger 
tracts of bushland was as close to an undisturbed site as was possible.  The lack of truly 
undisturbed remnants and historical data means that understanding how past disturbances 
have generated the current condition gradient across sites is unlikely.   
 
Obtaining records of historical disturbance events, such as fire regimes, accurate ages of 
fragments and a true set of baseline data means that the measured orchid responses cannot 
be reliably correlated to a particular disturbance activity.  This study serves to determine 
how a ‘snapshot’ of measured orchid responses correlates to ecosystem health measured 
on a relative scale of urban fragments.  In order to determine the specific factors 
responsible for orchid responses, disturbances would need to be controlled in order for 
experiments to be conducted before and after the disturbance event.  Given the public use 
and amenity value of most urban reserves, this would be a very difficult task.   
 
By investigating aspects of orchid ecology along a condition cline, it is hoped that the 
effects of a lack of historic data are negated.  Without previous data to work from, this 
study will at least serve as a basis to start investigating the use of orchids as indicators of 
ecosystem health in highly fragmented systems.  Initial findings of this study suggest that 
orchids do show responses to disturbances and have the potential to be used as an 
indicator species.  Patterns in response between abundance and presence of plants in M. 
media and the distribution of mycorrhizal symbiont across the condition cline strongly 
suggest it is a candidate for indicating poor ecosystem health.  Similarly the abundance 
and presence of D. magnifica and patterns in the allocation of biomass indicate it is also a 
candidate for indicating poor ecosystem health.   
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The direction for future research on the use of orchids as indicators of ecosystem health 
would need to focus on the strength of the observed patterns in the face of a greater array 
of condition states.  As a good indicator needs to have a reliable and predictable response 
to disturbance, so the reliability and predictability of the observed trends in this current 
study need to be fortified.  The response of orchids to changes in ecosystem health is not 
only relevant to their use as an indicator species but to conservation efforts for the many 
rare and threatened species of orchids.  The interdependency that orchids have with their 
ecosystem (e.g. Mycorrhizal dependency, dependency on pollinator services) places them 
at greater risk of extinction in the face of ecosystem changes (Brundrett, 2007; Collins, 
2007; Phillips et. al., 2009; Swarts and Dixon, 2009).   
 
Global warming and the associated changes to fire regimes are expected to have a major 
impact on the sustainability of orchid populations (Dixon and Barret, 2003; Swarts and 
Dixon, 2009).  Investigations into the impacts of fire on orchid ecology were beyond the 
scope of this study, but should be carefully considered.  Implications for orchid survival 
and the sustainability of populations exist when the interactions of fire intensity, timing, 
the effects of a fire mosaic and a changing climate are overlain on the orchid responses to 
disturbances observed in fragmented ecosystems of this current study.   
 
This study suggests that orchids can be used as indicators of ecosystem health and 
provides a basis upon which further, intensively focused investigations can take place.  
The insights gained in the use of orchids as indicators of ecosystem health and their 
general ecology in fragmented systems not only has applications in the realms of 
ecosystem health assessment, but also in the integrated management and conservation of 
reserves in Western Australia and elsewhere.   179 
 
Appendix 1 
Ecosystem Health Assessment Methods 
 
Habitat Hectares  
Criteria and scores reproduced from: 
Parkes, D., Newell, G., and Cheal, D.  (2003).  Assessing the quality of native 
vegetation: the ‘habitat hectares’ approach.  Ecological Management and 
Restoration, 4, 29-38. 
 
Components and weightings of the habitat score 
  Component  Max. value (%) 
Site condition  Large trees  10 
  Tree (canopy) cover  5 
  Understorey (non tree) strata  25 
  Lack of weeds  15 
  Recruitment  10 
  Organic litter  5 
  Logs  5 
Landscape Context  Patch size  10 
  Neighbourhood  10 
  Distance to core area  5 
  Total  100 
 
 
Large trees – criteria and scores 
Large trees  Level of canopy health (%)* 
  > 70%  30-
70% 
<30% 
None present  0  0  0 
0-20% of the benchmark number of large trees/ha  3  2  1 
20-40% of the benchmark number of large trees/ha  4  3  2 
40-70% of the benchmark number of large trees/ha  6  5  4 
70-100% of the benchmark number of large trees/ha  8  7  6 
≥ the benchmark number of large trees/ha  10  9  8 
*Large trees defined by d.b.h of 80cm.  Health of large trees assessed by estimating the proportion of 
expected canopy cover that is missing due to tree death, decline of mistletoe infestation. 
 
 
Canopy cover – criteria and scores 
Canopy cover  Level of canopy health (%)* 
  > 70%  30-70%  < 30% 
>90% variation from benchmark tree cover  0  0  0 
50-90% variation from benchmark tree cover  3  2  1 
<50% variation from benchmark tree cover  5  4  3 
*Health of large trees assessed by estimating the proportion of expected canopy cover that is missing 






Understorey strata – criteria and scores 
First decision  Second decision  Value 
All strata and lifeforms 
effectively absent 
  0 
Up to 50% of lifeforms 
present 
  5 
≥ 50-90% of lifeforms 
present 
Of those present ≥ 50% substantially modified  10 
  Of those present < 50% substantially modified  15 
≥ 90% of lifeforms present  Of those present ≥ 50% substantially modified  15 
  Of those present < 50% substantially modified  20 
  Of those present, none substantially modified  25 
Understorey strata includes immature trees (i.e. <80% of mature height but >5m) and subordinate 
trees (those that do not form a part of the canopy). 
Effectively absent: where the benchmark cover for lifeform is ≥10%, then ‘effectively absent’ if <10% 
of benchmark cover or diversity.  Where benchmark cover for a lifeform is <10%, then ‘effectively 
absent’ if no reproductively mature specimens observed. 
Substantially modified: where the benchmark cover for a lifeform is ≥10%, then ‘substantially 
modified’ if <50% of benchmark cover or <50% of benchmark richness.  Where the benchmark cover 




Weeds – criteria and scores 
Weed cover  % of weed cover due to ‘high threat’ weeds 
  None  ≤ 50%  >50% 
>50% cover of weeds  4  2  0 
25-50% cover of weeds  7  6  4 
5-25% cover of weeds  11  9  7 
<5% cover of weeds  15  13  11 
Weeds are categorized as low, moderate or high threat on the basis of ‘invasiveness’ and ‘direct 
physical impact’ for a vegetation type.  A database of weed threat level exists for Victorian native 




















Recruitment of woody native perennials – criteria and scores 
First decision  Second decision  Third decision  Proportion of 
benchmark no. 
woody species 
      ≥ 50%  < 50% 
No evidence of a 
recruitment cohort 
Not driven by episodic events 
if within a vegetation type 
  0  0 
  Driven by episodic events if 
within a vegetation type 
Clear evidence of 
episodic event 
0  0 
    No clear evidence of 
episodic event  
5  5 
Clear evidence of at 
least one recruitment 
cohort  
Proportion of native species 
present that have adequate 
recruitment* 
< 30%  3  1 
    30-70%  6  3 
    ≥ 70%  10  5 
*Adequate recruitment:  
For canopy trees: If tree canopy cover is less than benchmark, then ‘adequate’ means that there is 
estimated to be enough recruitment present to re-establish the benchmark cover over time and there is 
more than one cohort present. 
For understorey species: with continuous recruitment then ‘adequate’ means the number of immature 
plants is at least 10% of the number of mature plants. 
 
 
Organic litter – criteria and scores 
Litter cover  % of litter cover due to native 
species 
  ≥ 50%  < 50% 
< 10% of expected cover  0  0 
< 50% or > 150% of benchmark cover  3  2 
≥ 50%or ≤ 150% of benchmark cover  5  4 
 
 
Logs – criteria and scores 
Total log length  Proportion of log length more than half 
of the large tree benchmark diameter 
  ≥ 25%  <25% 
< 10% of benchmark length  0  0 
< 50% or > 150% of benchmark length  3  2 
≥ 50% or ≤ 150% of benchmark length  5  4 
 
 
Patch size – criteria and scores 
Area  Score 
< 2 ha  1 
≥ 2 but < 5 ha  2 
≥ 5 but < 10 ha  4 
≥ 10 but < 20 ha  6 
≥ 20 ha but significantly disturbed  8 






Determined as the percentage of native vegetation cover occurring within a 100m, 
1km and 5km radius of the site in question.  A score for each distance category is 
determined by multiplying the estimate percentage cover by a ‘weighting’ value, 
given to be: 
  0.03 within 100m 
  0.04 within 1km 
  0.03 within 5km 
Scores are combined to obtain an overall neighbourhood score.  If >50% of the 
vegetation within a 5km radius is deemed significantly disturbed the 2.0 is subtracted 
from the overall score.  
 
 
Distance to Core Area – criteria and scores 
Distance  Score 
> 5km  0 
1-5km  2 
<1km  4 

































Vegetation Condition Index 
Methods reproduced from: 
Stenhouse, R.  (2005).  Assessing disturbance and vegetation condition in urban 




b  Method of Assessment 
Species diversity  Number of native species  Every native plant species in quadrat 
was recorded and identified. 
Number of uncommon 
species 
Those species which occurred in two 
or less of the 28 quadrats. 
Native plant cover  Ground layer cover  % native ground-layer cover visually 
estimated 
Understorey cover  % native understorey cover visually 
estimated. 
Tree health
c  % of canopy unhealthy  Number of trees with unhealthy 
canopy recorded and converted to 
percentage for the quadrat. 
Tree mortality  The number of standing trees that 
were dead, converted to a percentage 
of the total number of trees in the 
quadrat. 
Weeds
c  Number of weed species  All non-native species recorded and 
identified. 
Weed cover  Weed cover visually estimated as a 
percentage of the ground-layer 
cover.  
Soil surface layer  Bare ground  Percentage of the quadrat that is bare 
ground was visually estimated. 
Litter layer depth  Depth (cm) measured in themiddle 
and four corners of the quadrat. 
Decomposed litter layer 
depth 
Depth (cm) measured in themiddle 
and four corners of the quadrat. 
All quadrats used were 100m
2 
a: Each quadrat was given a score out of ten for each sub-index, where ten would be 
the highest possible expression of condition.  The scores out of ten for sub-indices 
were tallied to give a final VCI score out of 50 for each quadrat. 
b: For each quadrat, each indicator was assigned a percentage: the actual value for 
that quadrt divided by the maximum value of the indicator data set times 100.  These 
indicator percentages were scaled down to give the score out of ten for each sub-
index.  All indicators were evenly weighted for all the sub-indices, except species 
diversity, where the number of uncommon species was weighted as 2.5 out of 10 as it 
was considered less important than overall species diversity for vegetation condition. 184 
 
c: The scores sub-indices of tree health and weeds are inverted such that low tree 
mortality and low unhealthy canopy, and low weed numbers and cover received high 


































Methods reproduced from: 
Del Marco, A., Taylor, R., Clarke, K., Savage, K., Cullity, J., and Miles, C.  (2004).  
Local Government Biodiversity Planning Guidelines for the Perth Metropolitan 
Region.  Western Australian Local Government Association, Perth. 
Viability factor  Category  Score 
Size  Greater than 20 ha  5 
Greater than 10 ha less than 20 ha  4 
Greater than 4 ha less than 10 ha  3 
Greater than 1 ha less than 4 ha  2 
Less than 1 ha  2 
Shape  Circle, square or squat rectangle  3.5 
Oval, rectangle or symmetrical triangle  3 
Irregular shape with few indentations  2.5 
Irregular shape with many indentations  2 
Long thin shape with large proportion of area 
greater than 50m wide 
1.5 
Long thin shape with large proportion of area 
less than 50m wide 
1 
Perimeter to area ratio  Less than 0.01  4 
Greater than 0.01 less than 0.02  3 
Greater than 0.02 less than 0.04  2 
Greater than 0.04  1 
Vegetation condition (based 
on Keighery (1994) condition 
scale 
Pristine  10 
Excellent  8 
Very good  6 
Good  4 
Degraded  2 
Completely degraded  0 
Connectivity  Forms part of a regional ecological linkage and 
is contiguous with another protected natural 
area greater than 4 ha 
5 
  Not part of a regional ecological linkage and is 
contiguous with another protected natural area 
greater than 4 ha 
4.5 
  Forms part of a regional ecological linkage and 
is within 500m of more than 4 other protected 
natural areas having an area greater than 4 ha. 
4 
  Not part of a regional ecological linkage but is 
within 500m of more than 4 other protected 
natural areas having an area greater than 4 ha. 
3.5 
  Forms part of a regional ecological linkage and 
is within 500m of 3 or 4 other protected natural 
areas having an area greater than 4 ha 
3 
  Not part of a regional ecological linkage but is 
within 500m of 3 or 4 other protected natural 
areas having an area greater than 4 ha 
2.5 
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Viability factor  Category  Score 
  Forms part of a regional ecological linkage and 
is within 500m of 2 other protected natural 
areas having an area greater than 4 ha. 
2 
  Not part of a regional ecological linkage but is 
within 500m of 2 other protected natural areas 
having an area greater than 4 ha 
1.5 
  Forms part of an regional ecological linkage 
and is within 500m of less than 2 other 
protected natural areas having an area greater 
than 4 ha 
1 
  Not part of a regional ecological linkage but is 
within 500m of less than 2 other protected 
natural areas having an area greater than 4 ha 
0.5 
  Forms part of a regional ecological linkage and 
is not within 500m of any other protected 




Keighery Condition Scale (Keighery, 1994) 
Condition category  Description 
Pristine  Pristine or nearly so, no obvious signs of disturbance 
Excellent  Vegetation structure intact; disturbance affecting 
individual species; weeds are non-aggressive species 
Very good  Vegetation structure altered; obvious signs of disturbance  
Good  Vegetation structure significantly altered by very obvious 
signs of multiple disturbances.  Retains basic vegetation 
structure or ability to regenerate it. 
Degraded  Basic vegetation structure severely impacted by 
disturbance.  Scope for regeneration but not to a state 
approaching good condition without intensive 
management. 
Completely degraded  The structure of the vegetation is no longer intact and the 
area is completely or almost completely without native 
species. 
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Appendix 2 
Vascular Plant Species Recorded in Quadrats During Survey 
 
* denotes exotic species 
Species are arranged by family number as per Western Australian Herbarium 
 
016A  Zamiaceae 
Macrozamia fraseri Miq. 
 
031  Poaceae 
Aira cupaniana Guss. 




S.W.L.Jacobs & J.Everett 
Austrostipa sp. 
Avena fatua* L. 
Briza maxima* L. 
Briza minor* L. 
Bromus diandrus* Roth. 
Ehrhata calycina* Sm. 
Ehrhata longiflora* Sm. 
Lagurus ovatus* L. 
Pennisetum clandestinum* 
Chiov 
Vulpia bromoides* (L.) Gray 
 
032  Cyperaceae 
Cyperus tenuiflorus* Rottb 
















Mesomelaena stygia R.Br 
(Nees) 
Schoenus curvifolius (R.Br.) 
Roem. &Schult. 
Schoenus grandiflorus (Nees) 
F.Muell. 
 
039  Restionaceae 
Alexgeorgea nitens (Nees) 
L.A.S.Johnson & B.G.Briggs 
Desmocladus asper (Nees) 
B.G.Briggs & L.A.S.Johnson 
Desmocladus fasciculatus 
(Nees) B.G.Briggs & 
L.A.S.Johnson 
Desmocladus flexuosus (Nees) 
B.G.Briggs & L.A.S.Johnson 
Hypolaena exsulca R.Br. 
Lepidobolus preissianus Nees 
Loxocarya cinerea R.Br. 
Lyginia imberbis R.Br 
054C  Dasypogonaceae 
Calectasia narragara 
R.L.Barrett & K.W.Dixon 
Dasypogon bromeliifolius 
R.Br. 
Kingia australis R.Br 




Lomandra maritima T.S.Choo 
Lomandra preissii (Endl.) 
Ewart 
 
054D  Xanthorrhoeaceae 
Xanthorrhoea brunonis Endl. 
Xanthorrhoea gracilis Endl. 
Xanthorrhoea preissii Endl. 
 
054F  Anthericaceae 
Chaemascilla corymbosa R.Br 
(Benth.) 
Corynotheca micrantha Druce 188 
Laxmannia squarrosa Lindl. 
Sowerbaea laxiflora Lindl. 
Thysanotus sparteus R.Br. 
Tricoryne elatior R.Br. 
 
054J  Colchicaceae 
Burchardia congesta Lindl. 
 
054P  Hemerocallidaceae 
Dianella revolute R.Br. 
 
055  Haemodoraceae 
Anigozanthus humilis Lindl. 
Anigozanthus manglesii 
D.Don. 
Conostylis aculeata R.Br. 
Conostylis candicans Endl. 
Conostylis juncea Endl. 
Conostylis setigera R.Br. 
Haemodorum laxum R.Br. 
Haemodorum paniculatum 
Lindl. 
Haemodorum spicatum R.Br. 
Phlebocarya ciliate R.Br. 
 
060  Iridaceae 
Freesia alba x leichtlinii* 
Gladiolus caryophyllaceus* 
Burm.f.) Poir. 
Moraea flaccida* Steud. 
Orthrosanthus laxus Endl. 
Patersonia occidentalis R.Br. 
Romulea rosea* (L.) Eckl. 
 
066  Orchidaceae 
Caladenia flava R.Br. 
Diuris magnifica D.L.Jones 
Microtis media R.Br. 
Pyrorchis nigricans (R.Br.) 
D.L.Jones &M.A.Clem. 
 






090  Proteaceae 
Banksia attenuata R.Br. 
Banksia lindleyana Meisn. 





Grevillea crithmifolia R.Br. 
Hakea prostrate R.Br. 
Petrophile linearis R.Br. 
Petrophile macrostachya R.Br. 
Stirlingia latifolia (R.Br.) 
Steud. 
Synaphea spinulosa (Burm.f.) 
Merr. 
 
097  Loranthaceae 
Nuytsia floribunda (Labill.) 
Fenzl. 
 
105  Chenopodiaceae 
Rhagodia baccata (Labill.) 
Moq. 
 
106  Amaranthaceae 
Ptilotus drummondii (Moq.) 
F.Muell. 
Ptilotus manglesii (Lindl.) 
F.Muell. 
 
110  Aizoaceae 
Carpobrotus edulis* (L.) 
N.E.Br. 
 
110A  Molluginaceae 
Macarthuria australis Endl. 
 
113  Caryophyllaceae 
Cerastium glomeratum* Thuill. 
Petrorhagia dubia* (Raf.) 
G.Lopez & Romo 
Polycarpon tetraphyllum* L. 
Silene gallica* L. 
 
119  Ranunculaceae 
Clematis linearifolia Steud. 
 
138  Brassicaceae 
Heliophila pusilla* L.f. 
 
143  Droseraceae 
Drosera erythrorhiza Lindl. 189 
 
Drosera macrantha Endl. 
Drosera menziesii D 
 
149  Crassulaceae 
Crassula exserta (Reader) 
Ostenf. 
 
163  Mimosaceae 
Acacia applanata Maslin 
Acacia huegelii Benth. 
Acacia pulchella R.Br. 
 
165  Papilionaceae 
Bossiaea eriocarpa Benth. 
Daviesia decurrens Meisn. 
Daviesia divaricarta Benth. 
Daviesia hakeoides Meisn. 
Daviesia nudiflora Meisn. 
Daviesia rhombifolia Meisn. 
Daviesia triflora Crisp 
Gastrolobium capitatum 





Hovea elliptica Sm. (DC.)  
Hovea pungens Benth. 
Hovea trisperma Benth. 
Isotropis cuneifolia (SM.) 
B.D.Jacks. 
Jacksonia floribunda Endl. 
Jacksonia furcellata (Bonpl.) 
DC. 
Jacksonia sericea Benth. 
Kennedia prostrata R.Br. 
Lupinus cosentinii* Guss. 
Trifolium campestre* Schreb. 
Trifolium arvense* L. 
Vicia sativa* L. 
 
167  Geraniaceae 
Pelargonium capitatum* (L.) 
L’Her. 
 
175  Rutaceae 
Philotheca spicata (A.Rich.) 
Paul G.Wilson 
 
183  Polygalaceae 
Comesperma calymega Labill. 
 




202  Stackhousiaceae 
Tripterococcus brunonis Endl. 
 
226  Dilleniaceae 
Hibbertia aurea Steud. 
Hibbertia cuneiformis (Labill.) 
Sm. 
Hibbertia huegelii (Endl.) 
F.Muell. 
Hibbertia hypericoides (DC.) 
Benth. 
Hibbertia racemosa (Endl.) 
Gilg. 
Hibbertia subvaginata (Steud.) 
F.Muell. 
 
243  Violaceae 
Hybanthus calycinus (Ging.) 
F.Muell. 
 
263  Thymelaeaceae 
Pimelea leucantha Diels 
Pimelea rosea R.Br. 
Pimelea sulphurea Meisn. 
 
273  Myrtaceae 
Calytrix angulata Lindl. 
Calytrix flavescens A.Cunn. 
Calytrix leschenaultia 
(Schauer) Benth. 
Eremaea pauciflora (Endl.) 
Druce 
Eucalyptus marginata Sm. 
Hypocalymma robustum 
(Endl.) Lindl. 
Melaleuca systena Craven 
 
276  Haloragaceae 
Gonocarpus pithyoides Nees 
 
281  Apiaceae 
Eryngium pinnatifidum Bunge 
Trachymene pilosa Sm. 
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288  Epacridaceae 





Lysinema ciliatum R.Br. 
 
293  Primulaceae 
Anagallis arvensis* L. 
 




307A  Cuscutaceae 
Cuscuta campestris* Yunck. 
 
320  Orobanchaceae 
Orobanche minor* Sm. 
 
331  Rubiaceae 
Opercularia vaginata Juss. 
 
339  Campanulaceae 
Wahlenbergia capensis (L.) 
A.DC. 
 
340  Lobeliaceae 
Lobelia anceps L.f. 
 
341  Goodeniaceae 
Dampiera lavandulacea Lindl. 
Dampiera linearis R.Br. 
Lechenaultia floribunda Benth. 
Lechenaultia linarioides DC. 
Scaevola canescens Benth. 
Scaevola repens de Vries 
 
343  Stylidiaceae 
Levenhookia stipitata (Sond.) 
F.Muell. 
Stylidium calcoratum R.Br. 
Stylidium piliferum R.Br. 
Stylidium repens R.Br. 
Stylidium schoenoides DC. 
Stylidium striatum Lindl. 
 
345  Asteraceae 
Conyza bonariensis* (L.) 
Conquist 
Hypochaeris glabra* L. 
Hypochaeris radicata* L. 
Lactuca serriola* L. 
Ozothamnus cordatus (DC.) 
Anderb. 
Podolepis gracilis 
Sonchus asper* Hill 
Taraxacum officinale* 
F.H.Wigg. 
Urospermum picroides* (L.) 
F.W.Schmidt 
Ursinia anthemoides* (L.) 
Poir. 
Waitzia suavolens (Benth.) 
Druce 
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Appendix 3 








































































































































applanata  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Acacia 
huegelii  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0 
Acacia 
pulchella  0  0  0  0  0  2  0  0  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  2  2  1 
Aira 
cupaniana *  2  1  5  0  5  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  3  3  5  0  0  3  0  0  2  3  3  0  0 
Alexgeorgea 
nitens  2  2  5  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Allocasuarin
a fraseriana  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0 
Allocasuarin
a huegeliana 
*  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  0  0  0  0 
Amphipogon 
turbinatus  6  2  6  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0  0  0  2  0  2 
Anagallis 
arvensis *  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Anigozanthu
s humilis  1  0  1  0  0  0  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Anigozanthu
s manglesii  0  2  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Astroloma 
pallidum  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  2  0  0  0  0  0  0 
Austrodanth
onia 
occidentalis  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Austrostipa 
hemipogon  0  2  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Austrostipa 
sp.  2  2  3  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  1  2  0  0  0  0  0  0  2  2  0  2  0  0 
 
                                                                                                                                     






































































































































Avena fatua*  0  0  0  0  0  0  0  0  6  7  3  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Banksia 
attenuata  6  2  6  0  2  0  0  0  0  0  1  0  0  0  1  0  0  0  1  2  1  1  0  0  1  0  6  0  0  0  0  0  0 
Banksia 
menziesii  0  0  0  0  0  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Bossiaea 
eriocarpa  2  2  0  2  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  2  0  0  0  0  2  2 
Briza 
maxima*  0  5  3  0  5  4  3  5  3  0  0  4  7  3  3  3  0  3  0  3  0  0  0  0  3  2  2  2  3  0  2  0  0 
Briza minor *  0  0  0  0  0  0  3  5  3  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  2  3  2  0  2  0  2  0  0 
Bromus 
diandrus *  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  3  0  0  2  0  0  0  0  0  0  0  0 
Burchardia 
congesta  2  3  3  3  0  0  0  0  0  0  0  4  3  3  3  2  3  3  0  2  2  2  0  0  2  0  0  2  2  2  2  2  2 
Calactasia 
narragara  0  0  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2 
Caladenia 
flava  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Calytrix 
angulata  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  2  2  0  3  0 
Calytrix 
flavescens  0  0  6  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Calytrix 
leschenaultii  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Carpobrotus 
virescens  0  0  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Cerastium 
glomeratum 
*  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Chamaescill
a corymbosa  3  5  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
 









































































































































linearifolia  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Comesperm




m  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  1  0  2  1 
Conospermu
m 
triplinervium  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  3  0  0 
Conostephiu
m pendulum  3  1  1  0  0  0  0  0  0  0  0  0  0  0  2  1  0  3  0  0  0  0  0  0  2  0  2  2  0  0  0  3  0 
Conostylis 
aculaeta  3  1  0  3  3  0  0  2  2  0  0  4  2  0  0  3  2  2  2  2  2  0  1  1  0  0  0  2  2  0  0  0  2 
Conostylis 
candicans  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Conostylis 
juncea  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Conostylis 
setigera  2  2  2  3  3  0  0  2  0  0  0  1  0  0  0  0  0  0  0  0  0  2  0  0  2  0  0  1  2  0  2  0  2 
Conyza 
bonariensis*  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Corynotheca 
micrantha  0  0  0  0  0  0  1  2  3  0  0  0  0  0  0  0  0  2  0  0  3  0  3  0  0  0  0  0  0  0  0  0  0 
Crassula 
exserta  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  5  0  0  0  0  0  0  0  0  0  0  0  0 
Cuscata 
campestris *  0  0  0  0  0  0  0  8  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Cyperus 
tenuiflorus *  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
 
                                                                 








































































































































a  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Dampiera 
linearis  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  1  0  0  0  0  0  1  0 
Dasypogon 
bromeliifoliu
s  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0 
Daviesia 
decurrens  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  0  2  0  0  0  0  0  0  0  0 
Daviesia 
divaricarta  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  1  0  0  0  0  0 
Daviesia 
hakeoides  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  2  0  1 
Daviesia 
nudiflora  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0 
Daviesia 
rhombifolia  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  2  0  0  0  0  0  0  0  0  0 
Daviesia 
triflora  2  1  3  2  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Desmocladu
s asper  0  0  0  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0 
Desmocladu
s 
fasciculatus  5  3  0  0  0  0  3  0  0  0  0  0  0  0  0  4  0  3  0  3  0  0  3  0  0  2  2  0  0  0  0  0  3 
Desmocladu
s flexuosus  0  0  0  3  2  3  0  2  0  0  0  4  0  3  2  0  3  0  2  0  0  3  0  0  3  2  2  2  3  2  2  2  0 
Dianella 
revoluta  0  0  0  0  0  0  0  0  0  0  1  2  2  1  0  0  0  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Diuris 
magnifica  0  0  0  0  0  0  0  0  0  0  0  0  4  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
 









































































































































erythrorhiza  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Drosera 
macrantha  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  1 
Drosera 
menziesii  1  0  2  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Banksia 
lindleyana  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  3 
Ehrharta 
calycina *  0  0  0  0  0  0 
1
0  9  8  7  3  7  3  0  2  3  0  3  0  0  3  3  3  0  0  0  2  0  0  2  0  0  0 
Ehrharta 
longiflora *  0  0  0  0  0  0 
1
0  0  7  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Eremea 
pauciflora  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  1 
Eryngium 
pinnatifidum  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0  0  0 
Eucalyptus 
marginata  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0 
Ficinia 
marginata  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  4  0  0  0  0  0  0  0  0  0  0  0  0 
Freesia alba 
x leichtlinii *  0  0  0  0  0  0  0  0  0  3  3  0  3  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Gastrolobiu
m capitatum  2  2  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0 
Gladiolus 
caryophyllac
eus *  2  1  3  1  0  0  2  1  4  0  2  3  3  2  2  3  3  2  3  0  0  3  2  2  2  0  0  0  2  2  3  2  2 
Gompholobi
um 
tomentosum  1  3  3  3  0  0  0  0  0  0  0  3  0  0  0  2  2  1  0  0  0  0  0  2  2  2  0  2  2  0  2  2  2 
Gonocarpus 
pithyoides  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0 







































































































































crithmifolia  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Haemodoru
m laxum  2  3  3  2  0  0  0  0  0  0  0  0  0  1  1  0  0  0  0  0  0  2  0  0  2  1  0  2  0  0  1  0  2 
Haemodoru
m 
paniculatum  0  0  0  1  0  2  0  0  0  0  0  0  0  0  0  1  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0 
Haemodoru
m spicatum  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  4  3  0  1  1  0  1  0  2  0  0  0 
Hakea 
prostrata  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Hardenbergi
a 
comptoniana  0  0  0  0  0  0  3  2  2  1  0  0  0  0  0  0  0  0  0  0  0  1  2  0  0  0  2  1  0  0  0  0  0 
Heliophila 
pusilla *  0  0  0  0  0  0  0  0  0  0  0  0  4  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Hibbertia 
aurea  0  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Hibbertia 
cuneiformis  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Hibbertia 
huegelii  2  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Hibbertia 
hypericoides  1  2  6  3  1  1  0  0  0  0  1  0  2  3  2  2  2  2  2  1  2  0  0  0  1  2  2  2  1  1  1  2  1 
Hibbertia 
racemosa  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0 
Hibbertia 
subvaginata  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Hovea 
ellipticum  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Hovea 
pungens  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Hovea 









































































































































calycinus  2  0  0  0  0  0  0  0  0  0  0  0  0  2  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Hypocalym
ma 
robustum  2  1  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0 
Hypochaeris 
glabra *  0  0  0  2  0  0  0  0  0  0  3  0  0  2  0  4  0  0  0  3  2  0  2  0  0  0  0  0  0  0  2  0  0 
Hypochaeris 
radiata *  0  0  0  0  2  0  3  0  0  4  0  0  3  0  0  0  2  0  0  0  0  2  0  2  0  0  0  0  0  2  0  2  0 
Hypolaena 
exculsa  0  2  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  3 
Isotropis 
cuneifolia  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Jacksonia 
floribunda  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  1  0  3  0  2 
Jacksonia 
furcellata  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Jacksonia 
sericea  0  0  1  0  0  0  0  0  0  1  4  1  7  3  0  6  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Kennedia 
prostrata  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  1  0  0  0  0  0  0  0  0  0  1  0 
Kingia 
australis  0  0  0  4  2  0  0  0  0  1  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Lactuca 
serriola *  0  0  0  0  0  0  0  2  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Lagurus 
ovatus *  0  0  0  0  0  0  0  0  5  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Laxmannia 
squarrosa  3  4  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Lechenaultia 
floribunda  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0 
Lechenaultia 









































































































































preissianus  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0 
Lepidosper
ma 
angustatum  3  0  0  0  0  2  0  3  0  0  0  0  0  0  0  2  1  0  0  0  0  0  0  2  0  0  0  2  0  0  0  0  0 
Lepidosper
ma costale  0  0  0  0  0  0  0  0  0  0  3  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Lepidosper
ma 








um  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  2  2  0  0  0  2  0  2  0  2 
Lepidosper
ma scabrum  0  0  0  4  0  0  0  0  0  0  0  0  0  0  3  0  0  1  0  0  0  0  0  0  2  0  0  0  0  2  0  2  2 
Lepidosper
ma 
squamatum  0  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Leucopogon 
parviflorus  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Levenhookia 
stipitata  5  5  4  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Lobelia 
anceps  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0 
Lomandra 
caespitosa  2  2  4  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Lomandra 
hermaphrodi
ta  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 







































































































































maritima  0  0  0  0  0  0  2  2  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Lomandra 
preisii  2  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  2  0  0  0  0  0  0  0  0  0  0 
Loxocarya 
cinerea  4  0  4  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Lupinus 
cosentinii *  0  0  0  0  0  0  0  0  0  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Lyginia 
imberbis  0  3  5  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  2  2  0 
Lysinema 
ciliatum  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0 
Macarthuria 
australis  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  2  0  0  0  0  0  0  0 
Macrozamia 
fraseri  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Melaleuca 




a  3  2  6  0  4  0  0  0  0  0  1  0  0  2  3  2  2  2  0  2  2  2  3  1  3  2  0  2  2  2  2  2  2 
Mesomelaen
a stygia  0  0  0  6  0  4  0  0  0  0  0  0  2  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0 
Microtis 
media  0  0  0  0  0  0  1  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Moraea 
flaccida *  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  3  3  0  2  2  2  2  0  0  0  0  0  0  2  0  2  0 
Nuytsia 
floribunda  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  1  0  0 
Opercularia 
vaginata  0  0  0  1  3  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Orobanche 
minor *  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 







































































































































us laxus  0  0  0  3  3  3  0  0  0  0  0  0  0  0  0  0  0  0  2  2  3  2  3  2  1  3  6  2  2  3  0  2  3 
Ozothamnus 
cordatus  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Patersonia 
occidentalis  6  2  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Pelargonium 
capitatum *  0  0  0  0  0  0  1  1  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Pennisetum 
clandestinu
m *  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Petrophile 
linearis  3  1  3  2  0  1  0  0  0  0  0  0  0  0  0  2  0  0  3  2  0  1  0  0  1  0  2  0  0  1  1  2  2 
Petrophile 
macrostachy
a  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Petrorhagia 
dubia *  0  0  0  0  0  0  0  1  0  0  4  2  3  2  0  3  3  3  0  0  3  3  3  3  2  3  3  3  3  3  3  3  3 
Philotheca 
spicata  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Phlebocarya 
ciliata  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Phyllangium 
paradoxum  4  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Pimelea 
leucantha  0  0  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Pimelea 
rosea  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0 
Pimelia 
sulphurea  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Podolepis 
gracilis  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
 
                                                                 








































































































































*  0  0  0  0  0  0  0  0  0  0  4  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Poranthera 
microphylla  0  5  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Ptilotus 
drummondii  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0  0  0  0 
Ptilotus 
manglesii  0  2  0  2  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  2  2  2  2  0  0  0  0  0  0  0  0  0  0 
Pyrorchis 
nigrans  0  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Rhagodia 
baccata  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Romulea 
rosea*  0  0  0  0  0  0  3  0  0  4  5  3  2  0  0  0  3  3  0  0  0  2  3  3  0  0  0  0  0  0  0  0  0 
Scaevola 
canescens  0  0  0  0  0  0  0  0  0  0  1  0  1  3  0  2  0  4  0  1  0  1  2  0  2  0  0  0  2  0  0  0  0 
Scaevola 
repens  6  3  3  0  2  0  0  0  0  0  0  0  1  0  1  1  3  3  0  0  0  0  0  0  0  1  0  0  0  2  2  2  1 
Schoenus 
curvifolius  2  2  3  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  2  2  0  0  0  0  2  0  0  2  0  0  0  0  0 
Schoenus 
grandiflorus  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  3  0  0  0  0  0  0  2  0  0  0  0 
Silene 
gallica *  0  0  0  0  0  0  0  0  0  0  5  3  3  2  0  2  3  3  2  0  0  0  2  3  0  0  0  0  0  3  0  0  0 
Sonchus 
asper*  0  0  0  0  0  0  0  0  0  0  0  3  0  0  0  3  3  3  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0 
Sowerbaea 
laxiflora  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0 
Stirlingia 
latifolia  3  0  0  0  0  4  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  2  2  2  0  2  0  2  3  3 
 
                                                                 







































































































































calcoratum  5  5  4  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Stylidium 
piliferum  3  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  2  0  0  0  0  0 
Stylidium 
repens  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0 
Stylidium 
schoenoides  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  0  0  0  0  0  0 
Stylidium 
striatum  0  0  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Synaphea 
spinulosa  2  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Taraxacum 
officinale *  0  0  0  0  5  2  3  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Thysanotus 
sparteus  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Trachymene 
pilosa  5  5  4  0  0  2  0  2  0  0  0  0  3  2  0  0  0  0  0  3  3  0  0  0  2  0  0  0  0  0  0  2  3 
Tricoryne 
elatior  1  0  0  0  0  0  0  0  0  0  0  0  4  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  0  0  2  0 
Trifloium 
campestre *  0  0  0  0  0  0  0  0  2  0  4  0  0  0  0  3  3  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0 
Trifolium 
arvense *  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0 
Tripterococc
us brunonis  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Urospermu
m picroides 
*  0  0  0  0  0  0  0  0  0  4  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Ursinia 
anthemoides
*  3  5  4  4  5  0  3  4  0  0  5  4  5  0  0  3  4  3  3  3  0  0  0  0  0  0  0  0  0  0  0  0  0 
Vicia sativa *  0  0  0  0  0  0  0  0  4  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 







































































































































bromoides *  0  0  0  0  5  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 
Wahlenbergi
a capensis  0  0  2  0  0  0  0  0  0  0  0  4  0  0  0  0  3  0  0  0  0  2  3  0  0  0  0  0  0  0  0  0  0 
Waitzia 
suavolens  0  5  0  3  5  0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  0 
Xanthorrhoe
a brunonis  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  2  2  0  0  0  0  0  0  0  1 
Xanthorrhoe
a gracilis  0  2  0  0  0  0  0  0  0  0  1  0  0  0  0  0  0  0  0  0  0  2  1  0  0  2  0  1  1  0  3  0  0 
Xanthorrhoe
a preissii  0  0  0  0  0  0  0  0  0  0  0  1  0  0  0  1  1  0  2  0  0  2  1  0  0  0  0  0  0  1  0  2  0 
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